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Edit orial
Dru L av igne and Mich ael  W eiss discuss t h e edit orial  t h em e of  Open 
APIs.
An Int roduct ion t o Open APIs
Carl et on  Univ ersit y  st udent s  prov ide  a  gl ossary  of   t erm s  associat ed 
w it h  Open APIs and present  som e resources t h at  discuss t h eir busi-
ness v al ue.
Mapping Mash up Ecosyst em s
Mich ael  W eiss f rom  Carl et on Univ ersit y describes a research  f ram e-
w ork   t o  exam ine  t h e  st ruct ure  of   t h e  m ash up  ecosyst em   and  it s 
grow t h  ov er t im e using net w ork  anal ysis t o obt ain k ey ch aract erist ics 
of   t h e  ecosyst em   and  ident if y  signif icant   ecosyst em   m em bers  and 
t h eir rel at ionsh ips.
L icensing of  Open APIs
G.R.  Gangadh aran,  a  research   scient ist   at   t h e  Nov ay  in  t h e  Net h er-
l ands, prov ides an ov erv iew  of  open API l icensing, prov ide exam pl es 
f rom  current  open APIs, and brief l y discusses open l icensing of  open 
APIs.
Using J av aScript  T ool k it s t o Creat e Rich  Int ernet  Appl icat ions
Ow en  Byrne,  Senior  Manager  of  T rav el pod  L abs,  com pares  t h e  f ea-
t ures of  t h e m ost  com m onl y used J av aScript  T ool k it s used t o creat e 
rich  Int ernet  appl icat ions and discusses h ow  f reel y av ail abl e t ool k it s 
are abl e t o com pet e against  propriet ary al t ernat iv es.
Measuring Modul arit y in Open Source Code Bases
St ev en Muegge and Robert o Mil ev  of  Carl et on Univ ersit y describe a 
m et h od f or exam ining t h e ev ol v ing m odul arit y of  l arge-scal e sof t w are 
syst em s and int roduce a new  m odul arit y m et ric f or com paring code 
bases of  dif f erent  size.
T orys T ech nol ogy L aw  Speak er Series
Byron Th om , a st udent  at  at  t h e Univ ersit y of  Ot t aw a's F acul t y of  L aw , 
sum m arizes  a  recent   T orys  T ech nol ogy  L aw   Speak er  Series 
present at ion w h ich  int roduced a nov el  int erpret at ion of  copyrigh t  in 
t h e age of  OSS using a spat ial  f ram ew ork  t o deal  w it h  open source l i-
censes. 
Upcom ing Ev ent s
Canadian open source ev ent s at  a gl ance.
New sbyt es
W h at s new  and not abl e in t h e w orl d of  open source.
Cont ribut e
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T al ent  First  Net w orkEdi t ori al
A few  sh ort  years ago, t h e t erm  "Int ernet " 
ref l ect ed  t h e  t ech nical   sav v y  sit t ing  at   a 
w ork st at ion  reading  em ail   or  using  a 
search  engine t o f ind dat a. T oday, peopl e 
of  al l  ages are using al l  m anner of  dev ices 
t o:  obt ain  publ ic  t ransit   direct ions  w it h  
Googl e  Maps,  sh are  ph ot os  using  Fl ick r 
and  v ideos  using  YouT ube,  T w eet   t h eir 
w h ereabout s,  m eet   new   f riends  t h rough  
F acebook ,  and  perf orm   count l ess  ot h er 
act iv it ies w h ich  h av e q uick l y becom e ubi-
q uit ous t o ev ery day l if e.
Th is new  generat ion of onl ine act iv it ies 
is t h e resul t  of  open APIs, m ash ups, and 
rich   Int ernet   appl icat ions.  Th ese  con-
cept s  are  t h e  f ocus  of    t h e April   issue 
of   t h e OSBR. Th e aut h ors h av e done an 
excel l ent  j ob of  t ak ing t h e edit orial  t h em e 
of   "Open  APIs"  f rom   t h e  m yst erious 
real m   of   program m ing  int o  t h eir 
appl icabil it y t o dail y l if e and business.
As al w ays, w e encourage readers t o sh are 
art icl es  of   int erest   w it h   t h eir  col l eagues, 
and t o prov ide t h eir com m ent s eit h er on-
l ine or direct l y t o t h e aut h ors.  W e h ope 
you enj oy t h is issue of  t h e OSBR.
Th e  edit orial   t h em e  for  t h e  upcom ing 
May issue of  t h e OSBR is "Open Source in 
Gov ernm ent " and t h e guest  edit or w il l  be 
J am es  Bow en  f rom   t h e  Univ ersit y  of  
Ot t aw a.  Cont act   t h e  edit or  if   you're 
int erest ed in a subm ission f or t h is issue.
Dru L av igne
Edit or-in-Ch ief
dru@osbr.ca
Dru L av igne is a t ech nical  w rit er and IT 
consul t ant  w h o h as been act iv e w it h  open 
source com m unit ies since t h e m id-19 9 0s. 
Sh e  w rit es  regul arl y  for  O'Reil l y  an-
dDNSSt uff .com   and  is  t h e  aut h or  of  t h e 
book s BSD H ack s and Th e Best  of FreeBSD 
Basics.
W ebsit es  and  appl icat ions  on  t h e  W eb 
serv e signif icant  v ol um es of  dat a. In t h e 
past ,  t h is  dat a  w as  h idden  beh ind  w eb 
pages t h at  onl y h um ans coul d read. Th is 
m ade  it   dif f icul t   f or  ot h ers  t o  reuse  t h is 
dat a  in  ot h er  appl icat ions,  usual l y  in-
v ol v ing t edious and v ol at il e w eb scraping. 
It   al so  req uired  users  t o  com e  t o  your 
w ebsit e t o access t h e dat a, w h ich  l im it ed 
it s reach . 
Th e edit orial  t h em e of t h is issue, "Open 
APIs",  present s  a  recent   sol ut ion  t o  t h is 
probl em : prov iding an open API t o your 
w ebsit e.  Th e  art icl es  in  t h is  issue  sh ow  
h ow  com panies can m ak e t h eir dat a m ore 
accessibl e and ext end t h eir reach  t h rough  
open  APIs.  Th ey  al so  discuss  t h e  issues 
and  t ech niq ues  rel at ed  t o  t h e  prov ision 
and use of  open APIs.
Th is issue h as four art icl es rel at ed t o t h e 
open API t h em e and t w o regul ar cont ribu-
t ions. Th e f irst  art icl e, An Int roduct ion t o 
Open APIs, w as w rit t en col l ect iv el y by t h e 
st udent s of  a course on W eb 2.0: Col l ect -
iv e W eb,  w h ich   is  of f ered  as  one  of   t h e 
courses w it h in t h e T ech nol ogy Innov at ion 
Managem ent  (TIM) program  at  Carl et on 
Univ ersit y. It  prov ides an int roduct ion t o 
t h e  t erm inol ogy  of   open  APIs  and 
m ash ups, and discusses t h e business reas-
ons f or opening an API.
Th e  second  art icl e,  Mapping  Mash up 
Ecosyst em s, by Mich ael  W eiss of  Carl et on 
Univ ersit y,  t ak es  an  ecosyst em   perspect -
iv e  on  m ash ups  and  open  APIs.  It  
present s  a  m et h od  f or  m apping  t h e 
m ash up ecosyst em , and discusses t h e m a-
nagerial   insigh t s  w e  can  gain  f rom   t h is 
anal ysis.
Th e t h ird art icl e, L icensing of Open APIs, 
by  G.R.  Gangadh aran  at   t h e  Nov ay 
T el em at ica  Inst it ut e  in  Th e  Net h erl ands, 
exam ines  a  t opic  w h ose  im port ance  w il l  
onl y  grow   w it h   t im e,  as  open  APIs  and 
m ash ups  get   m ore  ingrained  in  t h e w ay 
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w e dev el op sof t w are. It  deal s w it h  t h e im -
port ant  issue of  prot ect ing t h e int el l ect u-
al   propert y  cont ained  in  open  APIs.  It  
giv es  an  ov erv iew   of   open  API  l icensing 
and prov ide exam pl es f rom  current  open 
APIs. It  al so discusses st rat egic issues of  l i-
censing open APIs. 
Th e  fourt h   art icl e,  Using  J av aScript  
T ool k it s t o Creat e Rich  Int ernet  Appl ica-
t ions,  is  w rit t en  by  Ow en  Byrne,  co-
f ounder  and  original   dev el oper  of  
digg.com , and current l y Senior Manager 
of  T rav el pod L abs in Ot t aw a. It  discusses 
t h e  sel ect ion  and  use  of   soph ist icat ed 
J av aScript   t ool k it s  l ik e  Prot ot ype  and 
j Query,  w h ich   are  essent ial   f ram ew ork s 
f or  w rit ing  Rich   Int ernet   Appl icat ions 
(RIA) and m ash ups. It  inf orm s us on t h e 
im port ance  of   open  source  al t ernat iv es 
t o  propriet ary  f ram ew ork s  f or  const ruc-
t ing  RIAs.  It   al so  describes  t h e  aut h or's 
experience  in  using  t h ese  t ool k it s  in 
buil ding a m et a-search  appl icat ion f or t ri-
padv isor.com .
Th e fift h  art icl e, Measuring Modul arit y 
in  Open  Source  Code  Bases,  by  St ev en 
Muegge,  a  f acul t y  m em ber  in  t h e  TIM 
program ,  and  Robert o  Mil ev ,  a  recent  
graduat e  f rom   t h e  TIM  program ,  exam -
ines  h ow   m odul arit y  ev ol v es  in  open 
source sof t w are syst em s. It  prov ides ini-
t ial  ev idence t h at  as a l arge sof t w are sys-
t em  ev ol v es, m aj or arch it ect ural  ch anges 
w il l  f irst  l ead t o a decrease in m odul arit y, 
and  are  t h en  f ol l ow ed  by  ref act oring 
act iv it ies, w h ich  increase m odul arit y.
Th e  sixt h   art icl e, T orys T ech nol ogy  L aw  
Speak er Series: Open Source L icenses and 
t h e Boundaries of  Know l edge Product ion, 
by  Byron  Th om ,  a  st udent   at   t h e  L aw  
F acul t y  of   t h e  Univ ersit y  of   Ot t aw a, 
sum m arizes  a  recent   l ect ure  giv en  by 
Mich ael   Madison,  Associat e  Dean  f or 
Research   and  Prof essor  of   L aw   at   t h e 
Univ ersit y of  Pit t sburgh  Sch ool  of  L aw . 
I  h ope  you  enj oy  l earning  m ore  about  
t h is  edit orial   t h em e  as  m uch   as  w e  en-
j oyed  put t ing  t h is  issue  t oget h er.  Pl ease 
f eel  f ree t o cont act  t h e aut h ors or t h e edit -
ors  f or  q uest ions,  insigh t s,  or  com m ent s 
on t h is im port ant  t opic.
Mich ael  W eiss
Guest  Edit or
Mich ael   W eiss  h ol ds  a  facul t y  appoint -
m ent   in  t h e  Depart m ent   of  Syst em s  and 
Com put er  Engineering  at   Carl et on  Uni-
v ersit y, and is a m em ber of t h e T ech nol ogy 
Innov at ion Managem ent  program . H is re-
search  int erest s incl ude open source ecosys-
t em s,  m ash ups/ W eb  2.0,  business  process 
m odel ing,  social   net w ork   anal ysis,  and 
product   arch it ect ure  and  design.  Mich ael  
h as  publ ish ed  on  t h e  ev ol ut ion  of  open 
source com m unit ies, l icensing of open ser-
v ices  and  t h e  innov at ion  in  t h e  m ash up 
ecosyst em . 
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"Th e API h as been arguabl y t h e m ost  im -
port ant  [...]  t h ing w e’v e done w it h  T w it t er. 
It  h as al l ow ed us, ﬁ rst  of al l , t o k eep t h e 
serv ice  v ery  sim pl e  and  creat e  a  sim pl e 
API so t h at  dev el opers can buil d on t op of 
our infrast ruct ure and com e up w it h  ideas 
t h at   are  w ay  bet t er  t h an  our  ideas,  and 
buil d t h ings l ik e T w it t erriﬁ c, w h ich  is j ust  
a beaut iful  el egant  w ay t o use T w it t er t h at  
w e w oul dn’t  h av e been abl e t o get  t o, being 
a v ery sm al l  t eam ."  
Biz St one, co-f ounder of  T w it t er 
h t t p://w w w .readw rit ew eb.com /arch iv es/
t w it t er_open_pl at f orm _adv ant age.ph p
Th is art icl e prov ides a gl ossary of  t erm s 
associat ed  w it h   open  APIs  w h ich   can 
serv e as an int roduct ion t o t h e ot h er art -
icl es in t h is issue of  t h e OSBR. W e t h en 
discuss  t h e  business  opport unit ies  t h at  
can be creat ed t h rough  an open API and 
prov ide  v ideo  and  t ext   resources  w h ich  
present  f urt h er t h ough t s on t h e business 
v al ue inh erent  in open APIs.
Gl ossary of T erm s
H ere w e present  def init ions f or t h e m ost  
com m onl y  used  t erm s  associat ed  w it h  
open APIs.
AJ AX: asynch ronous J av aScript  and XML . 
Enabl es  updat es  t o  a  w eb  page  w it h out  
req uiring t h e brow ser t o rel oad t h e page. 
Th e  rat ional e  beh ind  AJ AX  is  t h at   of t en 
onl y  a  sm al l   port ion  of   t h e  w eb  page 
ch anges.  W eb  pages  using  AJ AX  are 
signif icant l y m ore responsiv e t h an pages 
t h at  do not .
API:  appl icat ion  program m ing  int erf ace. 
W ik ipedia  def ines  an  API  as  "a  set   of  
rout ines,  dat a  st ruct ures,  obj ect   cl asses 
and/or  prot ocol s  prov ided  by  l ibraries 
and/or  operat ing  syst em   serv ices  in  or-
der  t o  support   t h e  buil ding  of   appl ica-
t ions" (h t t p://en.w ik ipedia.org/w ik i/Api).
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Col l ect iv e int el l igence:  col l ect iv e  int el l i-
gence  is  t h e  inf orm at ion  and  insigh t s 
t h at  can be ext ract ed f rom  t h e col l ect iv e 
set   of   int eract ions  and  cont ribut ions 
m ade by a user com m unit y, and t h e use 
of   t h is  int el l igence  t o  act   as  a  f il t er  f or 
w h at   is  v al uabl e  t o  t h e  users.  Col l ect iv e 
int el l igence  em erges  f rom   user-cont rib-
ut ed  cont ent   and  t h e  process  of   sense-
m ak ing. 
Generat iv it y: t h e capacit y of  a syst em  t o 
produce  unant icipat ed  ch anges  t h rough  
unf il t ered cont ribut ions f rom  broad and 
v aried  audiences.  T ech nol ogical   gener-
at iv it y describes t h e q ual it y of  t h e Int er-
net   t h at   al l ow s  peopl e  unrel at ed  t o 
v endors t o produce cont ent  in t h e f orm  
of   appl icat ions  t h rough   m ash ups  and 
user-cont ribut ed  cont ent   in  t h e  f orm   of  
w ik is  and  bl ogs.  Th e  f irst   generat ion  of  
t h e Int ernet  w as a non-generat iv e syst em  
w h ose cont ent  w as cont rol l ed by a sm al l  
num ber of  part ies. W it h  W eb 2.0 t ech no-
l ogies  and  pract ices,  t h e  generat iv e  po-
t ent ial   of   W eb  h as  reem erged,  al l ow ing 
users  t o  part icipat e  and  col l aborat e  in 
t h e creat ion of  it s cont ent .
Mash up: m ash ups com bine dat a and ser-
v ices  prov ided  by  t h ird  part ies  t h rough  
open  APIs,  such   as  Googl e  Maps  and 
Fl ick r,  as  w el l   as  int ernal   dat a  sources 
ow ned by users. Mash ups are an exam pl e 
of  recom binant  innov at ion. Mash ups can 
be im pl em ent ed direct l y w it h in t h e cl ient  
brow ser  or  on  a  serv er.  Cl ient -side 
m ash ups of t en access open APIs t h rough  
AJ AX.  W ik ipedia describes and prov ides 
exam pl es  of   dif f erent   t ypes  of   m ash ups 
(h t t p://en.w ik ipedia.org/w ik i/Mash up_
(w eb_appl icat ion_h ybrid)).
Net w ork   effect :  net w ork   ef f ect s,  al so 
k now n  as  net w ork   ext ernal it ies,  occur 
w h en  t h e  v al ue  of   a  good,  serv ice  or  a 
sh ared resource is af f ect ed by t h e num -
ber  of   it s  users.  Net w ork   ef f ect s  can  be 
posit iv e  w h en  t h e  v al ue  of   t h e  good 
increases w it h  t h e num ber of  users.I ntroducti on t o Open apI s
An exam pl e of  a posit iv e net w ork  ef f ect  is 
seen  w h en  m ore  peopl e  use  a  t ype  of  
credit   card,  causing  m ore  m erch ant s  t o 
accept  it . Net w ork  ef f ect  can al so be neg-
at iv e  w h en  t h e  v al ue  decreases  as  t h e 
num ber  of   users  increase.  A  h igh w ay, 
j am m ed  w it h   cars  reduces  it s  v al ue  t o 
each  com m ut er as t raf f ic sl ow s, is an ex-
am pl e of  a negat iv e net w ork  ef f ect .
Open API: an open API giv es users access 
t o t h e open cont ent  dat a or serv ices of  an 
inf orm at ion  t ech nol ogy  (IT)  pl at f orm .  A 
w el l -k now n exam pl e is t h e Googl e Maps 
API w h ich  generat es m aps f or a giv en l oc-
at ion,  and  it s  out put   can  be  com bined 
w it h   ot h er  dat a  and  serv ices  int o 
m ash ups.  Open  APIs  prov ide  users  w it h  
an innov at ion t ool k it  in t h e sense of  t h e 
user  innov at ion  paradigm .  Th e      P2P 
Foundat ion    (h t t p://p2pf oundat ion.net /
Open_API) prov ides a f urt h er discussion 
on t h e im port ance of  open APIs.
Open cont ent : one of  t h e def ining ch arac-
t erist ics  of   W eb  2.0  is  openness.  Open 
cont ent  is publ ish ed in a f orm at  t h at  ex-
pl icit l y al l ow s copying and m odif icat ion. 
Th e  Creat iv e Com m ons   (h t t p://creat iv e
com m ons.org/)  prov ides  a  ch oice  of   l i-
censes w h ich  are of t en used t o describe 
t h e righ t s associat ed w it h  open cont ent .
Recom binant   innov at ion:  describes  a 
v iew  of  innov at ion as a process t h rough  
w h ich  new  ideas em erge as t h e com bina-
t ion  of   exist ing  ideas.  Th is  process  can 
sh ort en t h e l earning curv e as it  com bines 
k now n  el em ent s  in  nov el   w ays.  Recom -
binant   innov at ion  al l ow s  innov at ors  t o 
sh are past  experience and prov ides a di-
v ersit y of  probl em  sol v ing f ram es. 
Sensem ak ing:  t h e  capacit y  f or  m ak ing 
sense of  com pl ex set s of  inf orm at ion dur-
ing  a  sit uat ion  in  w h ich   new   probl em s, 
opport unit ies,  or  t ask s  present   t h em -
sel v es, or ol d ones resurf ace. Sensem ak -
ing  aim s  t o  h el p  peopl e  act   in  an 
inf orm ed and ef f ect iv e m anner.  6
Mash ups and ot h er W eb 2.0 t ech nol ogies 
support  t h e sensem ak ing process by en-
abl ing  col l aborat ion,  v isual izat ion,  and 
casual   int eract ion  w it h   dat a  sources 
t h rough  w h ich  users can gain insigh t s in-
t o t h e st ruct ure and int erpret at ion of  t h e 
dat a. 
User-cont ribut ed cont ent : W eb 2.0 prac-
t ices  and  t ech nol ogies  h av e  em pow ered 
users  t o  part icipat e  and  col l aborat e  in 
t h e creat ion of  cont ent . Th is cont ent  cre-
at ed by users is t h e basis f or t h e exist ence 
of   social   net w ork ing  w ebsit es  and 
port al s. Sim il arl y, w ebsit es l ik e Fl ick r and 
YouT ube prim aril y depend upon user up-
l oaded cont ent  and prov ide a f ram ew ork  
t o cat egorize t h e cont ent  using user-gen-
erat ed  t ags.  Cont ribut ions  such   as  ph o-
t os,  rev iew s,  rat ings,  and  l ist s  of   f riends 
are  considered  t o  be  act iv e.  Cont ribu-
t ions  in  t h e  f orm   of   beh av ioural   dat a 
such  as cl ick st ream s, page v iew s, and pur-
ch ases as w el l  as resources such  as com -
put ing  capacit y  are  considered  t o  be 
passiv e.
User  innov at ion:  t radit ional l y,  product  
dev el opm ent  h as been com pany-cent ric. 
In  t h is  m odel ,  t h e  int erf ace  t o  t h e  cus-
t om er is t h e product  prot ot ype and f eed-
back   on  h ow   w el l   cust om er  needs  are 
being m et  is obt ained l at e in t h e product  
dev el opm ent   cycl e.  In  user  innov at ion 
(h t t p://en.w ik ipedia.org/w ik i/User_inno
v at ion),  t h e  l ocus  of   innov at ion  sh if t s 
f rom  t h e com pany t o t h e cust om er. Th e 
new   int erf ace  t o  t h e  cust om er  is  now   a 
sol ut ion pl at f orm  t h at  cust om ers can ad-
apt   t o  t h eir  needs  using  innov at ion 
t ool k it s. Open APIs can be considered in-
nov at ion t ool k it s.
W eb 2.0: a ph enom em on t h at  f orm s t h e 
basis of  t h e next  generat ion of  t h e Int er-
net  and t h at  m anif est s it sel f  in t erm s of  
user-cont ribut ed  cont ent ,  openness  as 
seen in open APIs and open cont ent , and 
net w ork  ef f ect s.I ntroducti on t o Open apI s
W eb  scraping:  an  approach   t o  ext ract  
st ruct ured  inf orm at ion  f rom   w ebsit es 
t h at  do not  of f er an open API t o prov ide 
dat a access. An API t o a w ebsit e creat ed 
t h rough  w eb scraping is al so k now n as an 
im pl icit  API. An exam pl e of  w eb scraping 
is   H ousingMaps   (h t t p://h ousingm aps.
com ),  t h e  f irst   Googl e  Maps  m ash up 
w h ich   m ixed  dat a  f rom   Craigsl ist   w it h  
Googl e's  m aps.  At   t h e  t im e,  neit h er 
Craigsl ist   or  Googl e  Maps  prov ided  an 
open  API  t o  t h eir serv ices, so t h e creat or 
of   H ousingMaps  h ad  t o  resort   t o  w eb 
scraping  t o  ext ract   t h e  dat a  f rom   t h ese 
sit es. 
W idget s: al so k now n as gadget s, t h ese are 
sm al l ,  reusabl e  com ponent s  t h at   al l ow  
cont ent  f rom  m ul t ipl e sources t o be eas-
il y int egrat ed int o w ebsit es w it h out  pro-
gram m ing.  For  exam pl e,  a  w idget   can 
prov ide access t o a user's T w it t er f eeds on 
h er  h om e  page   (h t t p://w idget box.com /
w idget /t w idget ). Th e t erm  w idget  can be 
used t o ref er t o a m ash up t h at  com poses 
onl y one open API. Most  earl y m ash ups 
w ere  w idget s,  and    w idget s  cont inue  t o 
represent   a  signif icant   percent age  of  
m ash ups. T o int egrat e a w idget  int o your 
w ebsit e, you onl y need t o past e an URL  
or  a  piece  of   J av aScript   int o  t h e  H TML  
code of  your page.
Im port ance of Open APIs
As m ent ioned in t h e int roduct ory q uot e 
by T w it t er co-f ounder Biz St one, opening 
an  API  t o  an  appl icat ion  creat es  oppor-
t unit ies  f or  ext ernal   innov at ion.  Giv ing 
t h ird-part y dev el opers program m at ic ac-
cess t o an appl icat ion al l ow s t h em  t o add 
v al ue in unant icipat ed w ays, and adds re-
sources  t o  your  dev el opm ent   ef f ort   t h at  
you w oul d not  ot h erw ise h av e access t o. 
You can t h us t ap int o t h e l ong t ail  (h t t p://
en.w ik ipedia.org/w ik i/Th e_L ong_T ail )  of  
underserv ed  users  w h o  w rit e  t h eir  ow n 
appl icat ions t o m eet  t h eir specif ic needs, 
if  giv en t h e opport unit y. 
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W it h  ext ernal  dev el opm ent , t h e risk  of  de-
v el opm ent   is  carried  by  ot h ers,  but   you 
can  nonet h el ess  reap  t h e  benef it s  f rom  
successf ul   innov at ions.  Th is  is  w h at  
Googl e does w h en it  giv es users access t o 
it s  v ast   com put ing  inf rast ruct ure  w h en 
prov iding such  serv ices as Googl e Maps, 
or  any  of    it s  ot h er (h t t p://w w w .pro
gram m abl ew eb.com /apit ag/? q =googl e
& sort =dat e).
W h en  you  open  an  API,  f ol l ow   est ab-
l ish ed  st andards  w h ere  t h ey  exist . 
J ak ob's  l aw  (h t t p://w w w .useit .com /al ert
box/20000723.h t m l )    im pl ies  t h at   t h e 
l argest  opport unit y t o increase sit e t raf f ic 
is t o giv e users an easy w ay of  int egrat ing 
your  cont ent   int o  t h eir  sit es.  Th is  can 
t ak e t h e f orm  of  a w idget  or  an open API 
w h ich  ot h er dev el opers can use t o buil d 
w idget s and m ash ups t h at  l ev erage your 
API. Increased  t raf f ic prov ides opport un-
it ies  t o  m onet ize  your  appl icat ion 
t h rough   ot h er  av enues,  such   as  adv ert -
ising.
If  your appl icat ion or serv ice col l ect s in-
f orm at ion f rom  users, such  as ph ot os or 
prof il es,  users    expect   t o  get   access  t o 
t h eir  inf orm at ion  t h rough   an  open  API. 
Th ey don't  w ant  t o be l ock ed int o a par-
t icul ar  serv ice,  and  w il l   base  t h eir  de-
cision on w h ich  serv ice t o use, in part , on 
t h e exist ence of  an open API.
Th e gl ossary definit ions w ere cont ribut ed 
by t h e st udent s of t h e SYSC 5801 course on 
W eb 2.0:  Col l ect iv e  W eb  (h t t p:/ / w w w .sce.
carl et on.ca/ facul t y/ w eiss/ courses/ SYSC58
01/ SYSC%205801%20Out l ine.pdf), a gra-
duat e course t augh t  in t h e TIM program . 
Th is gl ossary w il l  be part  of a w ik i book  
on W eb 2.0 t h at  t h e st udent s h av e w rit t en 
col l ect iv el y. M appi ng M ash up Ecosystem s
"A  k ey  adv ant age  of  t h e  adv ent   of  open 
APIs  is  t h at   m any  peopl e  can  sim ul t an-
eousl y  t ack l e  a  part icul ar  probl em   by 
w ork ing  on  t h eir  ow n  v ersion  of  a 
m ash up."  
Pal f rey &  Gasser 
h t t p://cyber.l aw .h arv ard.edu/int erop/
pdf s/int erop-m ash ups.pdf
Mash ups  enabl e  users  t o  “m ix  and 
m at ch ” dat a and user int erf ace el em ent s 
f rom   dif f erent   onl ine  inf orm at ion 
sources  t o   creat e   new     appl icat ions 
(h t t p://ieeexpl ore.ieee.org/xpl /f reeabs_
al l .j sp? arnum ber=462009 3).  Th e  creat ion 
of   m ash ups  is  support ed  by  a  com pl ex 
ecosyst em   of   int erconnect ed  dat a  pro-
v iders,  m ash up  pl at f orm s,  and  users.  In 
our  recent   research ,  w e  exam ined  t h e 
st ruct ure  of   t h e  m ash up  ecosyst em   and 
it s grow t h  ov er t im e. Th e m ain cont ribu-
t ion of  our research  is a m et h od f or t h e 
anal ysis of  m ash up ecosyst em s. It s nov -
el t y  l ies  in  t h e  dev el opm ent   of   t ech -
niq ues  f or  m apping  t h e  m ash up 
ecosyst em , and t h e use of  net w ork  ana-
l ysis  t o  obt ain  k ey  ch aract erist ics  of   t h e 
ecosyst em  and ident if y signif icant  ecosys-
t em  m em bers and t h eir rel at ionsh ips. In 
t h is paper, w e sum m arize t h e k ey st eps of  
our anal ysis m et h od, describe t h e m em -
bers of  t h e m ash up ecosyst em , and dis-
cuss  t h e  m anagerial   im pl icat ions  of   our 
anal ysis.
Mapping t h e Mash up Ecosyst em
Th ere  are  m any  publ ic  sources  t h at  
prov ide  inf orm at ion  about   open  APIs, 
m ash ups, and associat ed pl at f orm s. One 
source,    Program m abl eW eb.com ,  l ist s 
APIs  and  m ash ups  by  dat e  of   int roduc-
t ion,  and  prov ides  a  prof il e  of   each .  It  
al so  cat egorizes  APIs  and  m ash ups 
t h rough   a  prov ided  t axonom y  and 
t h rough   t ags  t h at   users  can  associat e 
w it h   t h e  ent ries.  In  addit ion,  t h e  sit e 
prov ides inf orm at ion on m ash up t ool s. 
8
Since  t h e  cont ent s  of   t h e  sit e  are  user-
cont ribut ed, not  al l  APIs and m ash ups in 
exist ence   are    indexed.    H ow ev er,    t h e 
Program m abl eW eb is probabl y t h e m ost  
w idel y recognized m ash up direct ory, and 
it s cont ent s can be considered represent -
at iv e of  t h e st at e of  t h e m ash up ecosys-
t em . Th us, w h il e our anal ysis is l ik el y t o 
underest im at e  t h e  t ot al   size  of   t h e 
m ash up ecosyst em , it  can be expect ed t o 
accurat el y  represent   t h e  rel at ions 
bet w een ecosyst em  m em bers.
First , w e ext ract ed t im e-st am ped inf orm -
at ion on w h en APIs w ere int roduced and 
w h en  m ash ups  w ere  creat ed.  Next ,  w e 
capt ured  t h e  rel at ionsh ips  bet w een 
m ash ups  and  APIs  in  an  af f il iat ion  net -
w ork . Original l y dev el oped f or represent -
ing t eam s and t h eir m em bersh ip by Uzzi 
et  al . (h t t p://w w w .k el l ogg.nort h w est ern.
edu/f acul t y/uzzi/f t p/Uzzi_European
ManRev iew _2007.pdf), t h e l ink s in t h e af -
f il iat ion net w ork  f or t h e m ash up ecosys-
t em   indicat e  w h ich   APIs  are  used  in 
w h ich  m ash ups. Af f il iat ion net w ork s l end 
t h em sel v es t o a v isual  anal ysis of  t h e net -
w ork   dat a  and  m any  rel at ionsh ips  onl y 
becom e apparent  by v isual izat ion. V isual  
observ at ions t h en direct  t h e f urt h er ana-
l ysis as t o w h at  aspect s of  t h e net w ork  t o 
st udy.
Figure 1 sh ow s a snapsh ot  of  t h e m ash up 
ecosyst em   using  dat a  based  on  t h e  f irst  
m ont h   of   records  on  t h e  Program -
m abl eW eb  sit e.  Onl y  t h e  nam es  of   APIs 
are sh ow n t o k eep t h e diagram  readabl e, 
m ash ups are sh ow n as unnam ed nodes, 
and a l ink  bet w een a m ash up and an API 
indicat es t h at  t h e m ash up uses t h e API. 
Ev en at  t h is earl y st age, som e of  t h e m ost  
w el l -k now n open APIs are al ready prom -
inent l y  posit ioned  in  t h e  net w ork .  W e 
f ind Googl e Maps at  t h e cent er and ot h er 
prom inent  APIs, such  as Fl ick r, Am azon, 
Yah oo  Maps  and  del .icio.us,  al ong  t h e 
f irst  ring around t h e cent er. M appi ng M ash up Ecosystem s
Nam ed  nodes  at   t h e  periph ery  of   t h e 
graph  represent  APIs t h at  h av e been used 
l ess f req uent l y. Sim il arl y, t h ere are m any 
one-f eat ure m ash ups, al so k now n as w id-
get s or badges, t h at  com bine onl y one ex-
t ernal  API w it h  int ernal  dat a. 
Mem bers of t h e Mash up Ecosyst em
Init ial l y,  t h ere  w ere  t w o  t ypes  of  
m em bers w it h in t h e m ash up ecosyst em : 
i) dat a prov iders t h at  rel ease open APIs, 
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such  as Fl ick r or Googl e;  and ii) users and 
dev el opers  creat ing  m ash ups.  Th e  onl y 
w ay f or users t o creat e m ash ups w as by 
m anual l y com bining open APIs exposed 
by  dat a  prov iders.  In  som e  cases,  dat a 
prov iders  aggregat e  t h e  dat a  of f ered  by 
ot h er  prov iders.  For  exam pl e,  Googl e 
Maps  obt ains  it s  raw   m ap  dat a  f rom   a 
num ber of  geograph ic dat a serv ices. Ac-
cess t o t h ose dat a prov iders is of t en not  
direct l y accessibl e t h rough  open APIs, so 
an API such  as Googl e Maps is not  it sel f  a 
m ash up. 
Figure 1: Snapsh ot  of Mash up Ecosyst emM appi ng M ash up Ecosystem s
Som ew h at   surprisingl y,  t h ere  are  onl y  a 
f ew   m ash ups  t h at   of f er  t h eir  ow n  APIs. 
W e bel iev e t h at  t h e rat ional e f or t h is is a 
com binat ion of  l icensing issues and busi-
ness reasons. 
Open APIs and Mash ups
Th rough out   t h e  observ at ion  period,  t h e 
dat a  sh ow s  a  consist ent   grow t h   in  t h e 
num ber of  open APIs and m ash ups. Each  
day  on  av erage  0.70  new   APIs  w ere 
def ined, f rom  w h ich  users creat ed an av -
erage of  3.10 m ash ups each  day. On av er-
age, t h ere are 4.41 m ash ups t o each  API. 
Such  l inear grow t h  w as al so observ ed in 
ot h er t ypes of  net w ork s such  as col l abora-
t ion net w ork s (h t t p://arxiv .org/abs/cond-
m at /0104162/). H ow ev er, t h e dist ribut ion 
of  m ash ups ov er APIs is f ar f rom  unif orm , 
f ol l ow ing a pow er l aw  w it h  a ch aract erist -
ic “l ong t ail ” (h t t p://en.w ik ipedia.org/
w ik i/Th e_L ong_T ail ).  Som e  APIs  enj oy 
signif icant l y great er popul arit y t h an ot h -
ers.
One expl anat ion f or t h e l ong t ail  is com -
pet it ion bet w een APIs t h at  of f er t h e sam e 
t ype  of   serv ice.  For  exam pl e,  m ul t ipl e 
APIs prov ide m ap serv ices such  as Googl e 
Maps, Yah oo Maps and Microsof t ’s V irt u-
al   Eart h .  Ch oice  req uires  user  sel ect ion, 
and  users  w il l   init ial l y  pref er  som e  APIs 
ov er  ot h ers.  Th e  m ore  t h ey  sel ect   one 
API, t h e m ore l ik el y it  w il l  be sel ect ed in 
t h e f ut ure. Th e resul t  is t h at , ev ent ual l y, 
one API w il l  be signif icant l y m ore popu-
l ar t h an ot h ers. H ow ev er, it  al so im pl ies 
t h at   a  sm al l   num ber  of   APIs,  t h e  k ey-
st ones of  t h e ecosyst em  (h t t p://w il l iam
k uo.bok ee.com /inc/H BR-St rat egy_as_
Ecol ogy.pdf),  prov ide  t h e  basis  f or  t h e 
m aj orit y of  m ash ups, and al l  ot h er APIs 
are  onl y  used  in  cert ain  appl icat ion 
nich es.
Com pl em ent ary Nat ure of APIs
Open  APIs  are  t h e  com ponent s  of  
m ash ups,   and  as  such   prov ide  v al ue t o  10
users by t h em sel v es. H ow ev er, t h eir v al ue 
increases w h en ot h er dat a prov iders of f er 
com pl em ent ary  APIs  t h at   ext end  t h eir 
f unct ional it y or al l ow  t h em  t o be used in 
new   cont ext s.  For  exam pl e,  Fl ick r  com -
pl em ent s Googl e Maps, because it  al l ow s 
im ages  about   a  giv en  l ocat ion  t o  be 
sh ow n on a m ap. In f act , t h e com binat ion 
of  t h ese serv ices w as so com pel l ing t h at  
bot h   Fl ick r  and  Googl e  decided  t o  of f er 
new  serv ices t o sh ow  im ages on a m ap. 
APIs  t h at   h av e  m any  com pl em ent ary 
APIs are m ore at t ract iv e t o users, and w il l  
be sel ect ed m ore of t en f or incl usion in a 
new  m ash up. 
St art ing f rom  t h e af f il iat ion net w ork  t h at  
sh ow s h ow  APIs are used by m ash ups, w e 
creat ed  a  net w ork   t h at   sh ow s  j ust   t h e 
APIs, w it h  l ink s indicat ing w h ich  APIs are 
used t oget h er in a m ash up. Th e net w ork  
h as a core t h at  consist s of  a sm al l  num -
ber  of   h igh l y  connect ed  APIs  t h at   are 
used  by  m any  m ash ups,  and  m ore  spe-
cial ized APIs t h at  are l ink ed t o t h e core. 
Th e nodes in t h e core of  t h e net w ork  are 
APIs  w h ich   at t ract   k eyst one  dat a  pro-
v iders as w el l  as nich e dat a prov iders as 
com pl em ent ors. In part , t h is is cert ainl y 
due t o an accum ul at ion of  coordinat ion 
k now l edge.  As  APIs  are  used  t oget h er, 
users  buil d  up  an  experience  base  on 
h ow  t o int egrat e t h em , m ak ing t h ose APIs 
m ore popul ar.
Mash up Pl at form s
As t h e num ber of  APIs, and t h us t h e com -
pl exit y  of   sel ect ing  m ash ups  and  t h e 
v al ue perceiv ed by businesses of  creat ing 
m ash ups  increased,  pl at f orm   prov iders 
ent ered t h e ecosyst em  t o f il l  t h e v oid. Ini-
t ial l y, t h ese w ere graph ical  t ool s, such  as 
QEDW ik i f rom  IBM (h t t p://serv ices.al ph a
w ork s.ibm .com /graduat ed/q edw ik i.
h t m l ),  t o  sim pl if y  t h e  com posit ion  of  
APIs  int o  m ash ups.  Pl at f orm   prov iders 
al so q uick l y st art ed t o of f er m ark et pl aces 
f or APIs and m ash ups. M appi ng M ash up Ecosystem s
At   present ,  t h ere  is  no  l eading  pl at f orm  
prov ider, nor a l eading m ark et pl ace t h at  
coul d serv e al l  user needs. W e exam ined 
t h e  increase  in  t h e  com pl exit y  of  
m ash ups, m easured as t h e av erage num -
ber of  APIs com bined in a m ash up, and 
pl ot t ed it  against  t h e t im ing of  t h e int ro-
duct ion of  m ash up pl at f orm s. 
Th e f irst  set  of  pl at f orm s incl uded l ibrar-
ies, such  as t h e Yah oo!  User Int erf ace L ib-
rary (YUI, h t t p://dev el oper.yah oo.com /
yui/),  and  t em pl at es  such   as  t h ose 
prov ided  by  t h e  Ning  social   net w ork ing 
sit e  (h t t p://w w w .ning.com /).  L at er,  t h e 
f irst  h ost ed sit es f or m ash ups w ere int ro-
duced,  such   as  Cogh ead   (h t t p://w w w .
cogh ead.com /).  Th e  f irst   pl at f orm   t h at  
can  be  considered  a  m ash up  com poser, 
Dat aMash ups.com ,  w as  al so  rel eased 
around  t h at   t im e,  as  w as  t h e  f irst   pl at -
f orm ,  Dapper  (h t t p://w w w .dapper.net /), 
f or  ext ract ing  im pl icit   APIs  f rom   w eb 
sit es. Al m ost  t w o years af t er t h e publ ica-
t ion  of   t h e  f irst   m ash up,  t h ere  w as  a 
f l urry of  rel eases of  m ash up com posers, 
incl uding  t h e  now   def unct   T egl o  and 
QEDw ik i as w el l  as Yah oo!  Pipes (h t t p://
pipes.yah oo.com /).  Many  of   t h ese  com -
posers  al so  int egrat ed  int erf aces  t o 
search   f or  k now n  APIs  and  t o  int egrat e 
t h em  int o a m ash up.
W e f ind t h at  m ash up pl at f orm s h av e in-
creased in soph ist icat ion, f rom  earl y h ost -
ing  f or  m ash ups  and  screen  scraping 
t ool s  t o  m ore  recent   graph ical   m ash up 
com posers, in response t o t h e increasing 
com pl exit y of  m ash ups and t h e needs of  
ent erprise users. One of  t h e m aj or sh if t s 
h as  been  in  t h e  t ypes  of   m ash ups  cre-
at ed:  f rom   one-f eat ure  m ash ups  t o 
m ash ups  t h at   com bine  m ul t ipl e  open 
APIs and int ernal  dat a sources. Th e l at t er 
t ype  of   appl icat ion  req uires  m ore  ad-
v anced t ool s.
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Managerial  Im pl icat ions
Th e  m anagerial   im pl icat ions  encom pass 
t h ree  areas  rel at ed  t o  t h e  creat ion  of  
m ash ups  and  t h e  dev el opm ent   of   open 
APIs: i) sel ect ion of  APIs;  ii) int roduct ion 
of  new  APIs;  and iii) com posit ion of  APIs 
int o m ash ups. 
First , our research  suggest s t h at  t h e posi-
t ion of  a dat a prov ider in t h e m ash up eco-
syst em  af f ect s t h e l ik el ih ood of  t h eir API 
being  incorporat ed  int o  a  m ash up.  Th e 
num ber of  m ash ups using a giv en API is a 
f irst  indicat or of  h ow  l ik el y an API w il l  be 
sel ect ed  as  t h e  basis  of   a  new   m ash up. 
For users, t h e popul arit y of  an API is a sig-
nal   of   it s  q ual it y.  W h en  users  sel ect   an 
API,  t h ey  w il l   giv e  pref erence  t o  m ore 
w idel y  used  APIs.  But   popul arit y  al one 
does not  f ul l y expl ain t h e h ow  APIs are se-
l ect ed,  except   w h ere  a  m ash up  consist s 
of  exact l y one API. In al l  ot h er cases, t h e 
num ber  of   int eract ions  w it h   ot h er  APIs 
al so pl ays int o t h e decision t o sel ect  a giv -
en API.
Th e f req uency w it h  w h ich  APIs are com -
bined in a m ash up is an indicat or of  h ow  
l ik el y  t h ey  w il l   be  com bined  in  f ut ure 
m ash ups. W e observ ed t h at  t h e posit ions 
of  dat a prov iders in t h e m ash up ecosys-
t em  are m ut ual l y reinf orcing. One f act or 
w e w oul d l ik e t o of f er as an expl anat ion is 
t h at  w h en APIs are used t oget h er, signif ic-
ant  experience on h ow  t o int egrat e t h ese 
APIs is obt ained. Th is, in t urn, l eads de-
v el opers  t o  pref er  prov en  com binat ions 
of   APIs  w h en  dev el oping  new   m ash ups. 
Anot h er l ik el y f act or is t h at  m ash ups, as 
t h e l it erat ure on t h e rol e of  im it at ion in 
innov at ion      l eads     us     t o      concl ude 
(h t t p://m ack cent er.w h art on.upenn.edu/
Research %20Papers/et h iraj 4.pdf), are de-
v el oped  by  em ul at ing  exist ing  m ash ups. 
In our research  t o dat e,  w e h av e not  st ud-
ied  t h e  im pact   of   copying  or  cl oning 
m ash ups on t h e m ash up ecosyst em . M appi ng M ash up Ecosystem s
Th is  h as  im pl icat ions  f or  users  of  
m ash ups  and  dat a  prov iders.  Users  w il l  
sel ect   APIs  based  on  h ow   m any  ot h er 
m ash ups use a giv en API, as w el l  as t h e 
col l ect iv e experience in using a giv en API 
w it h   ot h er  APIs  t o  be  sel ect ed  f or  t h e 
m ash up.  Dat a  prov iders,  w h en  int rodu-
cing a new  API, w il l  benef it  f rom  ensur-
ing  t h at   t h eir  API  int egrat es  w el l   w it h  
exist ing APIs t h at  are st rongl y posit ioned 
in t h e m ash up ecosyst em . Dat a prov iders 
sh oul d l ook  f or opport unit ies t o com pl e-
m ent   exist ing  APIs.  By  com pl em ent ing, 
t h e new  API w il l  al so benef it  t h e prov ider 
of  t h e exist ing API by prov iding addit ion-
al  cont ext s of  use and increasing it s po-
t ent ial   sh are  of   m ash ups  t h at   use  it .  In 
order t o ident if y pot ent ial  nich es t o ent er, 
dat a prov iders need t o gain a good under-
st anding  of   t h e  st ruct ure  of   t h e  current  
ecosyst em . Mapping t h e m ash up ecosys-
t em   of f ers  k ey  insigh t s  f or  int roducing 
your ow n API or m ash up.
Second,  our  anal ysis  suggest s  t h at   t h e 
com pl exit y of  m ash ups driv es t h e dev el -
opm ent  of  m ash up pl at f orm s. Th e design 
of  m ore com pl ex m ash ups req uires m ore 
soph ist icat ed  pl at f orm s.  Th is  coincides 
w it h  t h e increasing int erest  in ent erprise 
appl icat ions  of   m ash ups,  w h ich   m ay  it -
sel f  be a m aj or cont ribut or t o h igh er com -
pl exit y.  Pl at f orm   prov iders  need  t o 
int roduce  t ool s  t h at   h el p  m anage  t h is 
com pl exit y.  Com pl exit y  int roduces  ch al -
l enges  in  search ing  f or  APIs,  enf orcing 
design  rul es  during  t h e  com posit ion  of  
APIs, and cert if icat ion of  APIs. Th e sel ec-
t ion of  APIs t urns int o a probl em  of  f ind-
ing  t h e  righ t   com binat ion  of   APIs  f or  a 
giv en purpose. Enf orcing design rul es re-
q uires a codif icat ion of  int egrat ion experi-
ence  so  it   can,  at   l east   part ial l y,  be 
aut om at ed by a t ool . Final l y, APIs need t o 
be  cert if ied  in  t erm s  of   m eet ing  q ual it y 
st andards. 
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Concl usion
W e h av e described an approach  t o m ap 
t h e  st ruct ure  of   t h e  m ash up  ecosyst em  
and  it s  grow t h   ov er  t im e. Th e  approach  
uses  v isual izat ion  t o  sh ow   t h e  rel at ion-
sh ips  bet w een  APIs  and  m ash ups,  and 
subseq uent l y uses net w ork  anal ysis t o ob-
t ain k ey ch aract erist ics of  t h e ecosyst em  
and ident if y signif icant  ecosyst em  m em -
bers and t h eir rel at ionsh ips. W e al so dis-
cussed  t h e  m anagerial   im pl icat ions  of  
our  anal ysis  f or  dat a  prov iders,  m ash up 
dev el opers,  and  dev el opers  of   t ool s  or 
pl at f orm s  f or  t h e  dev el opm ent   of  
m ash ups. 
Fut ure w ork  incl udes answ ering t h e q ues-
t ion w h at  l aw s underl ie t h e grow t h  of  t h e 
m ash up ecosyst em  and t h e m ech anism s 
of  t h e creat ion of  m ash ups. Due t o av ail -
abil it y of  rich  dat a about  it s st ruct ure and 
grow t h , t h e m ash up ecosyst em  giv es us a 
gl im pse at  innov at ion processes. W e be-
l iev e t h at  resul t s f rom  t h e exam inat ion of  
t h e  m ash up  ecosyst em   can  al so  sh ed 
l igh t  on t h e nat ure of  innov at ion and of  
ecosyst em s in general .
Mich ael   W eiss  h ol ds  a  facul t y  appoint -
m ent   in  t h e  Depart m ent   of  Syst em s  and 
Com put er  Engineering  at   Carl et on  Uni-
v ersit y, and is a m em ber of t h e T ech nol ogy 
Innov at ion Managem ent  program . H is re-
search   int erest s  incl ude  open  source  eco-
syst em s,  m ash ups/ W eb  2.0,  business 
process m odel ing, social  net w ork  anal ysis, 
and product  arch it ect ure and design. Mi-
ch ael   h as  publ ish ed  on  t h e  ev ol ut ion  of 
open  source  com m unit ies,  l icensing  of 
open  serv ices  and  t h e  innov at ion  in  t h e 
m ash up ecosyst em . L i censi ng of Open apI s
"I'd al w ays rat h er err on t h e side of open-
ness. But  t h ere's a difference bet w een op-
t im um   and  m axim um   openness,  and 
fixing  t h at   boundary  is  a  j udgm ent   cal l . 
Th e  art   of  l eadersh ip  is  k now ing  h ow  
m uch  inform at ion you're going t o pass on 
-- t o k eep peopl e m ot iv at ed and t o be as 
h onest ,  as  upfront ,  as  you  can.  But ,  boy, 
t h ere real l y are l im it s t o t h at ."  
W arren Bennis 
h t t p://en.w ik ipedia.org/w ik i/
W arren_Bennis
T w o current  t rends in sof t w are dev el op-
m ent  are t h e open source paradigm  and 
t h e  not ion  of   sof t w are  as  a  serv ice. Th e 
com binat ion  of   t h ese  h as  l ead  t o  t h e 
concept   of   open  APIs  and  m ash ups. 
Since  l at e  2005,  t h ere  h as  been  a  rapid 
prol if erat ion  of   appl icat ions,  ref erred  t o 
as m ash ups, t h at  com bine dat a and ser-
v ices  prov ided  by  t h ird  part ies  t h rough  
open  APIs  w it h   dat a  sources  ow ned  by 
users. Open APIs giv e users access t o t h e 
dat a or serv ices of  an inf orm at ion t ech no-
l ogy (IT) pl at f orm . A w el l -k now n exam pl e 
is  t h e   Googl e   Maps  API   (h t t p://code.
googl e.com /apis/m aps)  w h ich   generat es 
m aps f or a giv en l ocat ion, w h ose out put  
can be com bined w it h  ot h er dat a and ser-
v ices int o m ash ups.
Com bining serv ices and dat a f rom  m ul -
t ipl e sources raises sev eral  issues rel at ed 
t o  int el l ect ual   righ t s  in  m ash ups. 
H ow ev er, t h e concept  of  m ash ups is cur-
rent l y in a nascent  st age, and serv ice and 
dat a  prov iders  of t en  underest im at e  t h e 
rel ev ance of  t h ese issues. In t h is paper w e 
giv e  an  ov erv iew   of   open  API  l icensing 
and prov ide exam pl es f rom  current  open 
APIs. W e t h en brief l y discuss l icensing of  
open APIs.
Obj ect iv es of an Open API L icense
Th e obj ect iv es of  an open API l icense are 
sim il ar t o t h e obj ect iv es of  a sof t w are l i-
cense. Th ese obj ect iv es can be sum m ar-
ized as f ol l ow s: 13
1. T o  def ine  t h e  ext ent   t o w h ich  t h e API 
    can  be  used  w it h out   const it ut ing  an 
    inf ringem ent .
2. T o  h av e  a  rem edy  against   t h e  con-
    sum er  f or  com pl aint s  w h ich   do not  
    const it ut e  an  inf ringem ent   of  copy-
    righ t s.
3. T o l im it  t h e l iabil it y of  API prov iders in 
    case of  f ail ure of  t h e API.
Anat om y of an Open API L icense
In t h is sect ion w e describe t h e anat om y 
of  an open API l icense. W e do not  cl aim  
t h at  t h e giv en anat om y is com pl et e as it  
is al m ost  im possibl e t o general ize al l  t h e 
t erm s of  a l icense. Furt h erm ore, t h is art -
icl e is not  int ended as a subst it ut e f or l eg-
al   adv ice  and  w e  h igh l y  recom m end 
serv ice prov iders and serv ice consum ers 
t o  obt ain  appropriat e  l egal   counsel   t o 
m ak e use of  l icenses f or t h eir open APIs.
1. Subj ect :   t h e   subj ect   of   t h e   l icense 
    rel at es t o t h e def init ion of  t h e open API 
    being l icensed. It  def ines som e rel at ed 
    inf orm at ion  about   t h e  open  API and 
    m ay   incl ude  a  uniq ue  ident if icat ion 
    code  f or   t h e  API,  nam e,   and   ot h er 
    rel ev ant  inf orm at ion.
2. Scope of Righ t s: t h e f ol l ow ing righ t s in 
    an open API al l ow ing ext ract ion and re-
    ut il izat ion of  t h e w h ol e or a subst ant ial  
    part  of  serv ices and dat a:
•  usage:   indicat es  a  set   of   m et h ods  in 
   w h ich   t h e   serv ice  and  dat a   can   be 
   consum ed 
•  reuse:   indicat es  a set  of   operat ions in 
   w h ich  t h e  serv ice  and dat a, or port ions 
   of  it , can be re-ut il ised 
•  t ransf er: indicat es a set  of  procedures in 
   w h ich   t h e  righ t s  ov er  t h e  serv ice  and 
   dat a can be used L i censi ng of Open apI s
Th e scope of  righ t s of  an open API l icense 
ref l ect  w h at  can be done w it h  t h e open 
API.  For  exam pl e,  t h e  cl auses  of   t h e 
Googl e Maps API t erm s (h t t p://code.goo
gl e.com /apis/m aps/t erm s.h t m l )  incl ude 
t h e f ol l ow ing:
"If  you dev el op a Maps API Im pl em ent a-
t ion f or use by ot h er users, you m ust :
(a) displ ay t o t h e users of  your Maps API 
Im pl em ent at ion  t h e  l ink   t o  Googl e's 
T erm s  of   Use  as  present ed  t h rough   t h e 
Serv ice  or  described  in  t h e  Maps  APIs 
Docum ent at ion;
(b) expl icit l y st at e in your Maps API Im -
pl em ent at ion's t erm s of  use t h at , by us-
ing your Maps API Im pl em ent at ion, your 
users  are  agreeing  t o  be  bound  by 
Googl e's T erm s of  Use; "
3. At t ribut ion: copyrigh t  l aw  ref ers t o at -
t ribut ion as t h e req uirem ent  t o ack now -
l edge or credit  t h e aut h or of  a w ork  w h ich  
is used or appears in anot h er w ork . At t ri-
but ion signif ies a decent  sign of  respect  
t o ack now l edge t h e creat or.
Fl ick r  req uires  t h e  f ol l ow ing  at t ribut ion 
t erm s (h t t p://w w w .f l ick r.com /serv ices/
api/t os/):
"You  sh al l   pl ace  t h e  f ol l ow ing  not ice 
prom inent l y  on  your  appl icat ion:  "Th is 
product  uses t h e Fl ick r API but  is not  en-
dorsed or cert if ied by Fl ick r.""
4.  Non-Com m ercial   use:  com m ercial  
uses and non-com m ercial  uses are dif f er-
ent iat ed by Fl ick r as f ol l ow s:
"Fl ick r is com m it t ed t o f ree and open ac-
cess t o our APIs f or com m ercial  and non-
com m ercial   purposes.  H ow ev er,  prov id-
ing  t h e  APIs  does  h av e  real   cost s  f or 
Fl ick r. For uses of  Fl ick r APIs ov er a cer-
t ain rat e or f or cert ain t ypes of  com m er-
cial  appl icat ions, Fl ick r reserv es t h e righ t
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t o ch arge f ees f or f ut ure use of  or access 
t o t h e Fl ick r APIs." 
5. Inform at ion Righ t s: t h e righ t s ov er t h e 
dat a creat ed or m odif ied by an open API 
based  on  t h e  input   f rom   consum ers  is 
ow ned  by  t h e  consum ers.  H ow ev er,  API 
prov iders  can  t ransf er  such   inf orm at ion 
t o t h ird part ies.
Th ese are som e of  t h e cl auses def ining in-
f orm at ion righ t s prov ided by t h e Googl e 
Friend Connect  APIs (h t t p://code.googl e.
com /apis/f riendconnect /t erm s.h t m l ):
"You agree t h at  Googl e m ay t ransf er and 
discl ose t o t h ird part ies personal l y ident i-
f iabl e inf orm at ion about  you f or t h e pur-
pose of  approv ing and enabl ing your use 
of  t h e Serv ices, incl uding t o t h ird part ies 
t h at   reside  in  j urisdict ions  w it h   l ess  re-
st rict iv e dat a l aw s t h an your ow n.
Googl e m ay sh are non-personal l y-ident i-
f iabl e  inf orm at ion  about   you,  incl uding 
W eb sit e URL s, sit e-specif ic st at ist ics, and 
sim il ar inf orm at ion col l ect ed by Googl e, 
w it h  adv ert isers, business part ners, spon-
sors, and ot h er t h ird part ies. In addit ion, 
you grant  Googl e t h e righ t  t o access, in-
dex and cach e your W eb sit es, or any por-
t ion  t h ereof ,  incl uding  by  aut om at ed 
m eans  incl uding  W eb  spiders  or  craw l -
ers."
6. Financial  T erm s: of t en, open APIs are 
ch arged on a pay-per-use or t ransact ion 
base.  Th is  t ransact ion-based  m odel   al -
l ow s API prov iders t o ch arge f or each  use, 
as t h e l icense def ines t h e t erm  “use. ” Th e 
use of  t h e API can be cont inuousl y recor-
ded  and  m onit ored  by  serv ice  m anage-
m ent   syst em s.  Th is  m odel   of   pricing  is 
q uit e sim il ar t o ch arging f or ut il it ies l ik e 
el ect ricit y and w at er.
Subscript ion  is  an  al t ernat iv e  f inancial  
m odel  t h at  al l ow s consum ers t o purch ase 
t h e  open  API  based  serv ices  f or  a f ixed L i censi ng of Open apI s
t erm , during w h ich  t im e t h ey aut om at ic-
al l y receiv e f ul l  support  f rom  serv ice pro-
v iders incl uding any upgrades or f eat ure 
enh ancem ent s.
Th is is a subset  of  t h e cl auses of  t h e f inan-
cial    t erm s   of     Am azon   w eb   serv ices 
(h t t p://aw s.am azon.com /agreem ent /):
"In  considerat ion  of   your  use  of   any  of  
t h e Paid Serv ices, you agree t o pay appl ic-
abl e f ees f or Paid Serv ices in t h e am ount s 
set  f ort h  on t h e respect iv e Serv ice det ail  
pages on t h e AW S W ebsit e (incl uding any 
m inim um  subscript ion f ees). You are re-
sponsibl e  f or  any  f ees  assessed  by 
Am azon  Paym ent s  f or  t ransact ions  t h at  
you subm it  t o t h e Paym ent  Serv ice using 
Am azon FPS. Fees f or any new  Serv ice or 
new  Serv ice f eat ure w il l  be ef f ect iv e upon 
post ing by us on t h e AW S W ebsit e f or t h e 
appl icabl e Serv ice." 
7. W arrant y: in general , an open API is l i-
censed by t h e l icensor “as is" and w it h out  
any w arrant y of  any k ind, eit h er express 
or im pl ied, w h et h er of  t it l e, of  accuracy, 
of  t h e presence or absence of  errors, of  f it -
ness f or purpose, or ot h erw ise.
Th ese  are  t h e  som e  of   t h e  w arrant y 
cl auses  of   t h e  Googl e  Maps API  (h t t p://
code.googl e.com /apis/m aps/t erm s.h t m l ):
"YOU  EXPRESSL Y  UNDERST AND  AND 
AGREE  TH AT  YOUR  USE  OF  TH E  SER-
V ICE  AND  TH E  CONTENT  IS  AT YOUR 
SOL E  RISK  AND  TH AT  TH E  SERV ICE 
AND TH E CONTENT ARE PROV IDED "AS 
IS" AND "AS AV AIL ABL E."
ANY  CONTENT  OBT AINED  TH ROUGH  
TH E USE OF TH E GOOGL E SERV ICES IS 
DONE AT YOUR OW N DISCRETION AND 
RISK  AND  YOU  W IL L   BE  SOL EL Y  RE-
SPONSIBL E FOR ANY DAMAGE TO YOUR 
COMPUTER  SYSTEM  OR  OTH ER 
DEV ICE, L OSS OF DAT A, OR ANY OTH ER 
DAMAGE   OR   INJ URY   TH AT   RESUL TS 
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FROM  TH E  DOW NL OAD  OR  USE  OF 
ANY SUCH  CONTENT ."
8. L im it at ion of L iabil it y: l im it at ion of  l i-
abil it y cl auses l im it  t h e l iabil it y of  t h e l i-
censor and t h e l icensee under t h e l icense 
agreem ent .  Under  t h is  cl ause,  bot h  
part ies  discl aim   l iabil it y  f or  unf oresee-
abl e dam ages, such  as net w ork  errors or 
h ost ing serv er probl em s, or indirect  dam -
ages. L im it at ion of  l iabil it y cl auses of t en 
incl ude a ceil ing f or m onet ary l iabil it y.
Th e l im it at ion of  l iabil it y cl ause of  Fl ick r 
is  as   f ol l ow s   (h t t p://w w w .f l ick r.com /
serv ices/api/t os/):
"FL ICKR SH AL L  NOT , UNDER ANY CIR-
CUMST ANCES, BE L IABL E TO YOU FOR 
ANY  INDIRECT ,  INCIDENT AL ,  CON-
SEQUENTIAL ,  SPECIAL   OR  EXEMPL ARY 
DAMAGES ARISING OUT OF OR IN CON-
NECTION  W ITH   USE  OF  TH E  FL ICKR 
APIS, W H ETH ER BASED ON BREACH  OF 
CONTRACT ,  BREACH   OF  W ARRANTY, 
TORT  (INCL UDING  NEGL IGENCE, 
PRODUCT  L IABIL ITY  OR  OTH ERW ISE), 
OR  ANY  OTH ER  PECUNIARY  L OSS, 
W H ETH ER  OR  NOT  FL ICKR  H AS  BEEN 
ADV ISED  OF  TH E  POSSIBIL ITY  OF 
SUCH  DAMAGES. UNDER NO CIRCUM-
ST ANCES SH AL L  FL ICKR BE L IABL E TO 
YOU FOR ANY AMOUNT ." 
Concl usion and Fut ure
L icenses f or open APIs ref l ect  t h e dif f er-
ences  bet w een  t radit ional   sof t w are  and 
w eb  serv ices  as  t h ey  gov ern  t h e  execu-
t ion,  reuse  and  com posit ion  of   serv ices 
and dat a exposed by t h ird-part y syst em s. 
It   is  com m on  f or  API  prov iders  t o  of f er 
som e of  t h eir APIs f or f ree and ot h ers f or 
pay.  A  prov ider  can  ev en  use  separat e 
t erm s f or t h e sam e API by of f ering dif f er-
ent   l icenses  f or  h igh -end  and  l ow -end 
v ersions  of   t h e  serv ice  prov ided  by  t h e 
API. L i censi ng of Open apI s
Th e com m on w ays f or a prov ider t o im -
pose  const raint s  on  t h e  execut ion  of   a 
serv ice incl ude l im it ing req uest s, resul t s, 
and q ual it y. 
In t h e f ut ure, w e bel iev e t h at  m ore open 
APIs w il l  begin t o be l icensed using open 
source l icenses. W h il e t h e source code of  
t h e  int erf ace  of   an  open  API  is  al w ays 
av ail abl e,  open  sourcing  an  open  API 
m ak es t h e source code of  t h e API im pl e-
m ent at ion  av ail abl e  in  addit ion  t o  t h e 
source of  it s int erf ace. In t h is case, users 
w oul d be abl e t o m odif y an API, or deriv e 
new  APIs f rom  an open API. H ow ev er, in 
order  t o  av oid  l icense  f ork ing,  prov iders 
w oul d l ik e t o prev ent  t h e new  open API 
f rom  being l icensed dif f erent l y f rom  t h e 
parent  API. In t h is w ay, t h e v al ue added 
by  t h e  ch anges  can  be  ret urned  t o  t h e 
com m unit y of  users of  t h e parent  API. 
At  present , v ery f ew  open APIs f it  t h e de-
script ion of  being open sourced. One ex-
am pl e is W ik iDot  (h t t p://w ik idot .com ), a 
w ik i serv ice w it h  an open API t h at  is l i-
censed  under  t h e  GNU  Af f ero  General  
Publ ic L icense (h t t p://w w w .f sf .org/l icens
ing/l icenses/agpl -3.0.h t m l ).  W e  expect  
m ore open APIs t o be av ail abl e under an 
open source l icense in t h e near f ut ure.
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 _22-1509 20.h t m l  Usi ng Jav aScri pt Tool ki ts to Create rI as 
"A rich  Int ernet  appl icat ion com bines t h e 
benefit s of using t h e W eb as a l ow -cost  de-
pl oym ent   m odel   w it h   a  rich   user  experi-
ence  t h at ’s  at   l east   as  good  as  t oday’s 
desk t op  appl icat ions.  And,  since  RIAs 
don’t   require  t h at   t h e  ent ire  page  be  re-
fresh ed t o updat e t h eir dat a, t h e response 
t im e is m uch  fast er and t h e net w ork  l oad 
m uch  l ow er. Th ink  of a gl obal l y av ail abl e 
cl ient / serv er appl icat ion."  
h t t p://f l exbl og.f arat asyst em s.com /? p=163
Since 2004, t h e num ber of  Rich  Int ernet  
Appl icat ions (RIAs, h t t p://en.w ik ipedia.
org/w ik i/Rich _Int ernet _appl icat ion)  h as 
increased,  m ak ing  t h em   a  k ey  com pon-
ent   of   t h e W eb  2.0  ph enom enon.  Many 
RIAs  h av e  been  dev el oped  using  J av aS-
cript  (J S) and AJ AX (Asynch ronous J av aS-
cript   And  XML ).  AJ AX  is  used  t o  access 
rem ot e dat a sources,  t h at  reside on t h e 
serv er  or  are  av ail abl e  t h rough   an  open 
API, direct l y f rom  w it h in t h e appl icat ion. 
Th e  rich   v ariet y  of   appl icat ions  w oul d 
not   be  av ail abl e  t oday  w it h out   t h e  con-
current   appearance  of   m any  pow erf ul  
J av aScript  t ool k it s t h at  h av e t ak en t h e de-
v el opm ent  of  t h ese appl icat ions f rom  l a-
bour-int ensiv e  t o  nearl y  painl ess.  Th ese 
t ool k it s prov ide an open source al t ernat -
iv e t o t h e propriet ary product s dev el oped 
by Adobe (Fl ash /Fl ex/Air) and Microsof t  
(Sil v erl igh t ).
Th is  art icl e  prov ides  t w o  exam pl es  t h at  
dem onst rat e t h e ev ol ut ion of  RIAs, t h en 
com pares t h e f eat ures of  t h e m ost  com -
m onl y  used  J av aScript   T ool k it s  used  t o 
creat e  RIAs. W e  t h en  discuss  h ow   f reel y 
av ail abl e  t ool k it s  are  abl e  t o  com pet e 
against   propriet ary  al t ernat iv es.  Final l y, 
w e  prov ide  som e  concl uding  rem ark s 
based on our experience w it h  creat ing en-
t erprise RIAs.
Ev ol ut ion of RIAs
W e h av e been inv ol v ed in t h e rise of  RIAs 
righ t  f rom  t h e beginning. At  digg.com , w e 
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adopt ed  AJ AX  bef ore  t h e  acronym   w as 
creat ed, w h en it  w as basical l y ref erred t o 
by   t h e    m uch     l ess    f riendl y    acronym  
XML H TTP . One of  t h e earl y f eat ures t h at  
drov e  a  l ot   of   t raf f ic  t o  digg  w as  “Digg 
Spy”.  Original l y  dev el oped  in  February 
2005  w it h   J av aScript ,  it   w as  great l y  en-
h anced  in  J ul y  2005  v ia  t h e  use  of   a 
coupl e  of   t h e  f irst   J av aScript   t ool k it s  t o 
appear:   Prot ot ype  (h t t p://prot ot ypej s.
org) and Script acul ous (h t t p://en.w ik iped
ia.org/w ik i/Script acul ous).  Digg  Spy 
prov ided a near real  t im e v iew  of  act iv it y 
on t h e sit e w it h out  resort ing t o t h e m et a-
ref resh  t ech niq ue in com m on use at  t h e 
t im e. W h at  w as innov at iv e t h en can now  
be seen al l  ov er t h e W eb, m ost  not iceabl y 
at   sport s  sit es  such   as  espn.com   and 
nf l .com . Th ese sit es w ere t h e l argest  users 
of  t h e cl unk y m et a-ref resh  approach , and 
h av e since h eav il y inv est ed in AJ AX. 
Sev eral   years  l at er  at   t ripadv isor.com ,  I 
w as deepl y inv ol v ed in t h e dev el opm ent  
of   T ripAdv isor  Fl igh t s,  a  m et a  search  
product   f or  t rav el   pl anning  w it h   a  h uge 
int eract iv e  f ront -end  com ponent ,  de-
v el oped using j Query (h t t p://en.w ik iped
ia.org/w ik i/J q uery)  and  Prot ot ype.  Th e 
ev ol ut ion  of   J av aScript   t ool k it s  ov er  t h e 
past  f our years h as been ast ounding, and 
can  be  seen  cl earl y  w h en  cont rast ing 
t h ese  t w o  product s.  It 's  int erest ing  t o 
not e  t h at   t h e  original   Digg  Spy  w as  re-
t ired recent l y in f av our of  t h e propriet ary 
Adobe Fl ash  product , and t h at  h ad m ore 
t o do w it h  an Adobe sponsorsh ip of  t h e 
product  t h an t ech nical  m erit .
J av aScript  T ool k it s
Th e  sh eer  num ber  of   J S  t ool k it s  can  be 
conf using t o t h e uninit iat ed. In addit ion 
t o  t ech nical   considerat ions,  issues  such  
as  l icenses,  m odul arit y,  and  support  
sh oul d be considered. Usi ng Jav aScri pt Tool ki ts to Create rI as 
W e  discuss  t h e  m ost   com m on  t ool k it s: 
Prot ot ype/Script acul ous,  Doj o, YUI,  Ext -
J S and j Query. 
Ev ery  t ool k it ,  eit h er  in  it s  core  or  w it h  
cl osel y  associat ed  pack ages,  prov ides 
support   f or  a  v ariet y  of   t h ings  inh erit ed 
f rom   desk t op  appl icat ions  t h at   are  not  
easy t o do in J av aScript  and w h ich  are es-
pecial l y dif f icul t  t o do in a cross-brow ser 
com pat ibl e  f ash ion.  Drag-n-drop,  t ool -
t ips, st at us bars, w indow s, m odal  dial ogs, 
and progress bars are present  in al l  of  t h e 
t ool k it s. Addit ional l y, m ost  prov ide a set  
of   w idget s  l ik e  t ree  cont rol s,  com bo 
boxes, sl iders, rich  t ext  edit ors and ot h er 
cont rol s inh erit ed f rom  t h eir desk t op pre-
decessors.  It 's  not   ent irel y  cl ear  t h at  
t h ese cont rol s act ual l y m ak e peopl e m ore 
com f ort abl e on t h e W eb. Our experience 
h as been t h at  m ost  peopl e h av e adapt ed 
t o t h e dum bed-dow n int erf ace of  t h e w eb 
brow ser and are of t en conf used by addi-
t ional  cont rol s.
One im port ant , but  not  obv ious, consid-
erat ion  is  t h at   J av aScript   does  not   sup-
port   t h e  cl ass-based  inh erit ance  m odel  
(h t t p://en.w ik ipedia.org/w ik i/Cl ass-bas
ed_program m ing) t h at  is f am il iar t o m ost  
sof t w are  dev el opers.  It   inst ead  uses  a 
“prot ot ype”  based  inh erit ance.  Many  of  
t h e  t ool k it s  prov ide  a  m ech anism   f or 
cl ass-based inh erit ance as a w ay t o m ak e 
dev el opm ent  m ore at t ract iv e.
1. Prot ot ype:     Prot ot ype   is  t h e   ol dest  
    f ram ew ork , and t h ank s t o it s cl ose asso-
    ciat ion w it h  Ruby on Rail s, it  is a w idel y 
    adopt ed   rapid   appl icat ion   dev el op-
    m ent   (RAD,  h t t p://en.w ik ipedia.org/
    w ik i/Rapid_appl icat ion_dev el opm ent ) 
    f ram ew ork  f or t h e w eb.  Dev el oped by 
    Sam  St eph enson in 2004, it 's probabl y 
    t h e best -dev el oped cl ass-based syst em . 
    Script acul ous is a separat e l ibrary, buil t  
    on Prot ot ype, t h at  prov ides ef f ect s and 
18
    anim at ion.   Script acul ous h as gained a 
    reput at ion  f or  being bl oat ed,  and t h at  
    caused  Digg t o  abandon bot h   Script a-
    cul ous and Prot ot ype in f av or of  j Query.
2. Doj o:   Doj o  (h t t p://en.w ik ipedia.org/
    w ik i/Doj o_T ool k it ),  unl ik e t h e  rest  of  
    t h e t ool k it s m ent ioned, prov ides a rich  
    t ext  edit or,  som et h ing f or w h ich   t h ere 
    is  a  great   dem and.   It   h as  al so  com -
    pl et ed   a   num ber   of     part nersh ips, 
    m ost  not abl y w it h  Z end. Z end is a l ead-
    ing f ram ew ork   f or  PH P  dev el opm ent , 
    support ed by IBM and SUN,  and t h ey 
    pl an t o int egrat e Doj o in t h eir next  v er-
    sion. In addit ion t o t h e usual  col l ect ion 
    of  w idget s, Doj o prov ides ext ensions t o 
    do box and l ine ch art s. 
3. YUI:    YUI   (h t t p://en.w ik ipedia.org/
    w ik i/Yah oo! _UI_L ibrary) is t h e k it ch en 
    sink  of  J S t ool k it s, ch ock  f ul l  of  w idget s 
    and gadget s, w it h  Yah oo as it s corpor-
    at e back er.   Th ere  is a  m uch   sm al l er 
    core av ail abl e, count ering any accusa-
    t ion of  bl oat edness. Ov eral l , it  h as t h e 
    rich est  set  of  w idget s, and t h e big com -
    pany  support   is  a  decisiv e  f act or  f or 
    m any  w ebsit es.   YUI  al so  incl udes  a 
    usef ul   J av aScript   com pressor  t h at   w e 
    use   at    t ripadv isor.com    t o   decrease 
    dow nl oad t im es and t o sav e bandw idt h .
4. Ext -J S: Ext -J S (h t t p://en.w ik ipedia.org/
    w ik i/Ext J S) h as a dual  com m ercial /GPL  
    l icense   w h ich    h as    spurred    som e 
    l icensing  issues t h at  h av e  im paired it s 
    adopt ion. Most  J S t ool k it s use t h e L GPL  
    or MIT l icense, w h ich  h as al l ow ed t h em  
    t o  be  used  w it h out   dev el opers h av ing 
    t o  open  source  t h eir  serv er side code. 
    Ext -J S   prov ides  a  rich   set   of   w idget s, 
    and  prov ides  int egrat ion  w it h   Googl e 
    W eb T ool k it    (h t t p://code.googl e.com /
    w ebt ool k it /),  a  serv er-side f ram ew ork  
    t h at  generat es J av aScript . Usi ng Jav aScri pt Tool ki ts to Create rI as 
5. j Query:   j Query  (h t t p://en.w ik ipedia.
    org/w ik i/J q uery)  h as t h e usual  w idget s 
    av ail abl e  under  t h e   rubric  j Query  UI 
    (h t t p://j q ueryui.com ).    It 's   probabl y 
    best  k now n f or it s t erseness, a resul t  of  
    a    t ech niq ue   cal l ed   “ch aining”   t h at  
    m ak es  f or   v ery  concise code.   Th is is 
    im port ant  f or J av aScript  w h ich  al m ost  
    al w ays  h as  t o  be  t ransf erred  f rom  a 
    serv er  t o  a  cl ient    m ach ine  ov er  t h e 
    Int ernet .   It s great est  st rengt h , ch ain-
    ing, is al so t h e m ain point  of  crit icism  
    as j Query code l ook s com pl et el y dif f er-
    ent    f rom    J av aScript    code.    It    h as  
    benef it ed recent l y f rom  a cl ose associ-
    at ion  w it h   t h e   Mozil l a   Foundat ion;  
    J oh n  Resig,   t h e  init ial   dev el oper,  is 
    em pl oyed t h ere.
Com pet ing w it h  Com m ercial  
Al t ernat iv es
One of  t h e int erest ing dynam ics at  pl ay in 
t h e Int ernet  indust ry and t h e cont inuing 
ev ol ut ion of  RIAs is t h e ev er present  rh et -
oric push ing t h e l at est  propriet ary al t ern-
at iv es. Th e t ool k it s described abov e h av e 
been inst rum ent al   in  ensuring  t h at   J av a
Script  can com pet e, ev en in a w orl d w it h  
m any dif f erent  brow sers, each  w it h  t h eir 
ow n  q uirk s  and  bugs.  T en  years  ago  it  
w oul d h av e been h ard t o argue t h at  t h e 
num ber  of   brow sers  in  use  w oul d  in-
crease.  Now ,  it 's  a  giv en,  w it h   Opera, 
Ch rom e, and Saf ari al l  h ol ding t h eir ow n 
against   Firef ox  and  Int ernet   Expl orer. 
Th is  h as   present ed   ch al l enges  f or  J av a
Script  dev el opers and a l ot  of  great  w ork  
by count l ess indiv idual s h as ensured t h at  
t h e open source al t ernat iv es cont inue t o 
be preem inent .
Th e  canonical   cool   appl icat ion  f or  J av a
Script   is  st il l   Gm ail ,  and  it s  success  h as 
dem onst rat ed t h at  usef ul  and usabl e ap-
pl icat ions can be done in pure J S. 
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Ot h er  w el l   k now n  appl icat ions  incl ude 
Z im bra  (h t t p://en.w ik ipedia.org/w ik i/
Z im bra) and   Z oh o  Appl icat ions  (h t t p://
en.w ik ipedia.org/w ik i/Z oh o).      Beyond 
t h e obv ious riv al ry of  J av aScript  v s. Fl ash , 
t h e  cont inuing  success  of   J av aScript   in 
dev el oping  RIAs  al so  represent s  anot h er 
success f or open source. As t h e adopt ion 
of   brow ser-based  appl icat ions  increases, 
t h e  rel iance  on  m any  dif f erent   t ypes  of  
propriet ary  desk t op  appl icat ions  de-
creases. Th is is good new s since t h e adop-
t ion  of   open  source  brow sers  cont inues 
t o be on t h e rise. 
Concl uding Rem ark s
One  possibl e  concern  w it h   t h e  use  of  
J av aScript ,  Aj ax  and  rich   J av aScript   ap-
pl icat ions  is   t h e   f act   t h at    t h e   original  
XML H TTP prot ocol  is it sel f  a propriet ary 
prot ocol  ow ned by Microsof t  w h ich  w as 
original l y  rel eased  as  an  Act iv eX  obj ect . 
Ot h er  v endors  h av e  im pl em ent ed  t h eir 
ow n  v ersions  of   t h e  prot ocol   and  t h ere 
are  ot h er  w ays  t o  do  t h e  dynam ic  up-
dat es t h at  XML H TTP prov ides, sh oul d Mi-
crosof t   ev er  decide  t o  be  l ess  benign 
about  t h e prot ocol .
J av aScript  h as a cl ear l ead in t h e next  big 
f ront ier in appl icat ions, t h at  of  m obil e de-
v el opm ent .  In  part icul ar,  t h e  iPh one 
doesn't  support  any of  t h e propriet ary al -
t ernat iv es, but  it  does support  J av aScript . 
Most   appl icat ions,  incl uding  our  ow n 
J av aScript   h eav y  f l igh t s  product ,  w ork  
q uit e w el l  in t h e iPh one v ersion of  Saf ari. 
Fl ash   and  Sil v erl igh t   don't ,  at   l east   not  
yet .
Our  recent   m et a  search   appl icat ion 
t urned out  t o be q uit e l arge and ch al l en-
ging, but  t h e use of  J av aScript  and j Query 
t urned out  t o be a k ey cont ribut or t o it s 
apparent  success. Recom m ended Resources
 RIApedia
 h t t p://w w w .riapedia.com /
 Th e Business Benef it s of  Rich  Int ernet  
 Appl icat ions f or Ent erprises
 h t t p://w w w .ash ort en.com /w p-cont ent /
 upl oads/2009 /01/Adobe_RIA_
 Ent erprise_W eb0109 .pdf  
 Present at ions f rom  t h e Business of  APIs 
 Conf erence
 h t t p://w w w .apiconf erence.com /
 present at ions/
 H ow  T o Rol l  Out  An Open API
 h t t p://radar.oreil l y.com /2005/05/h ow -
 t o-rol l -out -an-open-api.h t m l
 H ow  do I m onet ize an API?
 h t t p://bl og.m ash ery.com /2008/06/18/
 h ow -do-i-m onet ize-an-api/
Usi ng Jav aScri pt Tool ki ts to Create rI as 
It  st il l  t ook  a great  deal  of  ef f ort  t o m ak e it  
perf orm  adeq uat el y w h il e w ork ing across 
al l   m aj or  brow sers.  As  m ost   w eb  de-
v el opers k now , t h e w eak  point  f or t h ese 
appl icat ions cont inues t o be t h e l arge in-
st al l ed base of  Int ernet  Expl orer 6.0. Th e 
DOM  and  J av aScript   im pl em ent at ion  in 
t h at  brow ser h as a h uge num ber of  bugs, 
and req uires m any w ork arounds and of -
t en  t h e  f oregoing  of   best   pract ices.  W e 
can onl y h ope t h at  t h e recent  l aunch  of  
Int ernet  Expl orer 8.0 w il l  prom pt  at  l east  
som e peopl e t o upgrade. 
Ow en  Byrne  is  current l y  Senior  Manager 
of  T rav el pod  L abs.  H e  is  probabl y  best  
k now n as t h e co-founder and original  de-
v el oper  of  digg.com   w h ere  h e  w as  t h e 
prim ary  t ech nical   decision  m ak er  for 
m ost  of it s period of grow t h , from  incep-
t ion t o t h e Series A financing. Ow en h ol ds 
t h ree degrees from  Saint  Mary's Univ ersit y 
and  Dal h ousie  Univ ersit y,  as  w el l   as  an 
ABD from  t h e Univ ersit y of Manit oba. H e 
h as  ov er  20  years  experience  in  soft w are 
dev el opm ent  and m anagerial  rol es incl ud-
ing a brief st int  as a univ ersit y professor.
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M easuri ng M odul ari ty i n Open Source Code bases 
“... t h e act  of properl y designing a com pl ex 
syst em  ch aract erized by a m odul ar arch i-
t ect ure  is  not   a  t riv ial   t ask .  On  t h e  con-
t rary, m odul arit y bears h igh  cost s: careful  
m odul arizat ion is a cognit iv e ch al l enging 
act iv it y, since it  t ransl at es in dev ising a de-
com posit ion  of  t h e  w h ol e  syst em   in 
aut onom ous subpart s w h ose int erdepend-
encies  are  reduced  t o  t h e  m inim um . 
Moreov er,  fail ure  t o  perfect l y  m odul arize 
an arch it ect ure resul t s in cost s of deal ing 
w it h  ﬁ ne t uning and t em pering act iv it ies 
aim ed at  sol v ing unexpect ed and unfore-
seen int erdependencies.”  
h t t p://econpapers.repec.org/
paper/t rt rock w p/020.h t m
Modul arit y  of   an  open  source  sof t w are 
(OSS) code base h as been associat ed w it h  
grow t h  of  t h e sof t w are dev el opm ent  com -
m unit y, t h e incent iv es f or v ol unt ary code 
cont ribut ion, and a reduct ion in t h e num -
ber of  users w h o t ak e code w it h out  con-
t ribut ing  back   t o  t h e  com m unit y.  As  a 
t h eoret ical   const ruct ,  m odul arit y  l ink s 
OSS t o ot h er dom ains of  research , incl ud-
ing organizat ion t h eory, t h e econom ics of  
indust ry st ruct ure, and new  product  de-
v el opm ent .  H ow ev er,  m easuring  t h e 
m odul arit y of  an OSS design h as prov en 
dif f icul t , especial l y f or l arge and com pl ex 
syst em s. 
In t h is art icl e, w e describe som e prel im in-
ary resul t s of  recent  research  at  Carl et on 
Univ ersit y  t h at   exam ines  t h e  ev ol v ing 
m odul arit y  of   l arge-scal e  sof t w are  sys-
t em s. W e describe a m easurem ent  m et h -
od  and  a  new   m odul arit y  m et ric  f or 
com paring  code  bases  of   dif f erent   size, 
int roduce an open source t ool k it  t h at  im -
pl em ent s  t h is  m et h od  and  m et ric,  and 
prov ide  an  anal ysis  of   t h e  ev ol ut ion  of  
t h e Apach e T om cat  appl icat ion serv er as 
an    il l ust rat iv e  exam pl e  of     t h e  insigh t s 
gained  f rom   t h is  approach .  Al t h ough  
t h ese  resul t s  are  prel im inary,  t h ey  open 
t h e    door   t o    f urt h er     cross-discipl ine 
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research  t h at  q uant it at iv el y l ink s t h e con-
cerns  of   business  m anagers,  ent repren-
eurs,  pol icy-m ak ers,  and  open  source 
sof t w are dev el opers.
Modul arit y and Design St ruct ure 
Mat rices
In "Design Rul es: Th e Pow er of  Modul ar-
it y"   (h t t p://m it press.m it .edu/cat al og/
it em /def aul t .asp? t id=3606& t t ype=2), 
Bal dw in and Cl ark  present  a m aj or st udy 
of  t h e rol e of  m odul arit y in t h e ev ol ut ion 
of  t h e com put er indust ry. Th ey argue t h at  
m odul arit y  is  an  im port ant   and 
f undam ent al  connect ion bet w een at  l east  
t h ree dif f erent  syst em s: i) t h e engineering 
design;  ii) t h e organizat ion of  t h e peopl e 
w h o im pl em ent  and m aint ain t h e design;  
and  iii)  t h e  net w ork   of   com panies 
f orm ing t h e econom ic syst em  around t h e 
design.    Each   syst em   const rains  and 
enabl es t h e ot h er t w o.  Ot h er research ers 
h av e  since  buil t   on  and  ext ended  t h is 
w ork , w h ich  in it s original  f orm  did not  
direct l y address OSS. 
According  t o  Bal dw in  and  Cl ark ,  a 
m odul e  is  a  unit   w h ose  st ruct ural   el e-
m ent s  are  st rongl y  connect ed  am ong 
each  ot h er and rel at iv el y w eak l y connec-
t ed  t o  el em ent s  in  ot h er  unit s.  J ust   as 
t h ere are degrees of  connect edness, t h ere 
are degrees of  m odul arit y. Th is m ot iv at es 
t h e int erest  in m et rics and t ech niq ues t o 
m easure t h e m odul arit y of  t h e st ruct ures 
com prising an art if act .  In a w idel y-cit ed 
2006  paper  t it l ed  "Th e  Arch it ect ure  of  
Part icipat ion:  Does  Code  Arch it ect ure 
Mit igat e Free Riding in t h e Open   Source 
Dev el opm ent    Model ? "    (h t t p://w w w .
peopl e.h bs.edu/cbal dw in/DR2/Bal dw in
Arch Part Al l .pdf),  Bal dw in  and  Cl ark  
prov ide  a  t h eoret ical   argum ent   t h at   a 
m ore  m odul ar  open  source  code  base 
w il l  at t ract  m ore v ol unt ary cont ribut ions 
and h av e l ess f ree riding of  non-cont rib-
ut ors t h an one t h at  is l ess m odul ar.  
M easuri ng M odul ari ty i n Open Source Code bases 
W h en  t h e  com pl exit y  of   one  of   t h e  el e-
m ent s  crosses  a  cert ain  t h resh ol d,  t h at  
com pl exit y can be isol at ed by def ining a 
separat e abst ract ion t h at  h as a sim pl e in-
t erf ace. Th is  abst ract ion  h ides  t h e  com -
pl exit y  of   t h e  el em ent   and  t h e  int erf ace 
indicat es h ow  t h e el em ent  int eract s w it h  
t h e  l arger  syst em .  Modul arit y  decreases 
com pl exit y in sev eral  w ays. In part icul ar, 
it  al l ow s designers t o f ocus on indiv idual  
m odul es rat h er t h an t h e w h ol e int egrat ed 
art if act . Th is radical l y ch anges t h e design 
process and al l ow s f or w ork  on indiv idual  
m odul es t o be paral l el ized.
Th e Design St ruct ure Mat rix (DSM) is an 
anal ysis  t ool   f or  m apping  com pl ex  sys-
t em s.  It   prov ides  a  com pact   represent a-
t ion of  a com pl ex syst em  t h at  v isual izes 
t h e  int erdependencies  bet w een  syst em  
el em ent s.  According  t o  Bal dw in  and 
Cl ark , “it  is a pow erf ul  anal yt ic dev ice, be-
cause by using it  w e can see w it h  cl arit y 
h ow  t h e ph ysical  and l ogical  st ruct ure of  
an art if act  get s t ransm it t ed t o it s design 
process, and f rom  t h ere t o t h e organiza-
t ion of  indiv idual s w h o w il l  carry t h e pro-
cess f orw ard. ” 
A DSM is a sq uare m at rix w it h  of f -diagon-
al  cel l s indicat ing dependencies bet w een 
t h e syst em  el em ent s. A v al ue in t h e cel l  at  
row  i and col um n j  m eans t h at  t h e el e-
m ent  at  posit ion i depends in som e w ay 
on t h e el em ent  at  posit ion j . For exam pl e, 
t h e design el em ent s coul d be J av a cl asses 
and  dependencies  w oul d  be  ref erences 
bet w een cl asses. Th is inf orm at ion can be 
ext ract ed  aut om at ical l y  f rom   t h e  code 
base. Cl ust ering reorganizes t h e DSM el e-
m ent s t o m ore cl earl y v isual ize and ana-
l yze dependency rel at ionsh ips.
Th e det ail s of  h ow  t h is anal ysis is conduc-
t ed are q uit e t ech nical , and it  buil ds on 
prior research  in sev eral  rel at ed dom ains. 
Al an MacCorm ack , J oh n Rusnak , and ot h -
er col l eagues at  H arv ard Business Sch ool  
recent l y  publ ish ed  t w o  im port ant   ad-
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In  a  2006  art icl e  t it l ed  "Expl oring  t h e 
St ruct ure  of   Com pl ex  Sof t w are  Designs: 
An  Em pirical   St udy  of   Open      Source 
and    Propriet ary    Code"   (h t t p://open
source.m it .edu/papers/m accorm ack
rusnak bal dw in.pdf),  t h ey  em pl oyed 
DSMs t o em pirical l y com pare t h e design 
st ruct ures  of   t w o  sof t w are  product s:  t h e 
L inux  k ernel   and  t h e  Mozil l a  w eb 
brow ser.  Th ey  proposed  a  cl ust ering  al -
gorit h m   t o  m easure  dependencies. 
H ow ev er,  t h eir  com parison  crit ical l y  de-
pended on sel ect ing v ersions of  t h e sys-
t em s  w it h   a  sim il ar  num ber  of   source 
f il es  w h ich   w ere  t h e  el em ent s  in  t h e 
DSM. One m ot iv at ion of  our w ork  w as t o 
rem ov e t h is rest rict ion, and t o al l ow  t h e 
com parison  of   code  bases  of   dif f erent  
size.  
A f ol l ow -on art icl e in 2008 exam ines t h e 
ev ol ut ion  ov er  t im e  of   t w o  sof t w are 
product s: t h e open source Apach e T om -
cat   appl icat ion  serv er  and  an  unnam ed 
cl osed  source  com m ercial   serv er 
product .  A  coarse  m et ric  is  int roduced 
t h at  represent s t h e ch ange rat io bet w een 
t h e  consecut iv e  v ersions  in  t h e  product  
ev ol ut ion.  Th e  aut h ors  concl ude  t h at  
DSMs and design rul e t h eory can expl ain 
h ow   real -w orl d  m odul arizat ion  act iv it ies 
al l ow  f or dif f erent  rat es of  ev ol ut ion t o oc-
cur in dif f erent  m odul es, and creat e st ra-
t egic adv ant age f or a f irm . 
Measuring Design Ev ol ut ion
Our  m et h od  f or  exam ining  t h e  ev ol v ing 
m odul arit y  of   l arge-scal e  sof t w are  sys-
t em s im pl em ent ed in J av a buil ds on t h e 
discussed DSM m et h ods and al gorit h m s, 
but  dif f ers f rom  past  w ork  in sev eral  as-
pect s.  As  w it h   t h ese  approach es,  w e:  i) 
aut om at e  dependency  ext ract ion  f rom  
t h e sof t w are code base;  ii) em pl oy design 
st ruct ure  m at rices  f or  v isual izat ion  and 
anal ysis of  dependency inf orm at ion;   and 
M easuri ng M odul ari ty i n Open Source Code bases 
iii) com put e cost  m et rics as m easures of  
m odul arit y.  W e  dif f er  f rom   t h e  earl ier 
w ork  in: i) t h at  our unit  of  anal ysis uses 
J av a  cl asses  rat h er  t h an  C  source  f il es;  
and  ii)  our  use  of   t h e  rel at iv e  cl ust ered 
cost  m et ric.
Our design el em ent s are J av a cl asses and 
our dependencies are ref erences bet w een 
cl asses, w h et h er by inh erit ance, decl ared 
f iel ds, or m et h od cal l s. Because depend-
encies bet w een J av a cl asses can be ext rac-
t ed f rom  t h e com pil ed  code of  a sof t w are 
syst em , w e need onl y obt ain binary dist ri-
but ions  of   t h e  sel ect ed  v ersions.  Th e 
st eps of  our m et h od are as f ol l ow s:
1. Sel ect  t h e v ersions t o be anal yzed and 
    obt ain t h eir binary dist ribut ions.
2. For  each   v ersion, ext ract  t h e depend-
    ency  inf orm at ion  f rom  t h e com pil ed 
    code.
3. Creat e DSM inst ances and ext ract  cost  
    m et rics.
W e  im pl em ent ed  t h ree  m odul arit y  m et -
rics:
1. Propagat ion cost : m easures t h e ext ent  
    t o   w h ich    a   ch ange  in   one  el em ent  
    im pact s  ot h er  el em ent s.  It  is a repres-
    ent at ion   of    t h e  degree   of    coupl ing 
    w it h out  considerat ion of  t h e proxim it y 
    bet w een el em ent s.
2. Cl ust ered cost :   a m ore soph ist icat ed 
    m et ric  t h at   assigns  dif f erent   cost s  t o 
    dependencies based on t h e l ocat ions of  
    el em ent s  w it h in   cl ust ers.    It   h as   an 
    im port ant  l im it at ion in t h at  it  can onl y 
    be  used  t o  com pare  DSMs  of  sim il ar 
    sizes.
3. Rel at iv e cl ust ered cost : (our cont ribu-
    t ion) ext ends t h e cl ust ered cost  m et ric 
    t o  com pare  DSMs  of   dif f erent   sizes, 
    av oiding t h e l im it at ion of  t h e cl ust ered 
    cost  m et ric. 23
More f orm al  def init ions of  t h ese m et rics 
and det ail s of  t h eir im pl em ent at ions w il l  
be  seen  in  our  upcom ing  present at ion 
"Design Ev ol ut ion of  an Open Source Pro-
j ect  Using an Im prov ed Modul arit y Met -
ric"   (h t t p://oss2009 .org/index.ph p? id=
prel im inary_program .h t m ).
Ev ol v ing Modul arit y of T om cat
W e  used  our  m et h od  t o  st udy  t h e 
ev ol v ing code base of  an open source sys-
t em , t h e Apach e T om cat  appl icat ion serv -
er  dev el oped  and  m aint ained  by  t h e 
Apach e    Sof t w are    Foundat ion   (h t t p://
apach e.org).  T om cat   is  im pl em ent ed  in 
J av a, and h as t w o m aj or dist inct  f unct ion-
al  m odul es: t h e T om cat -m ain serv er core 
and J asper, a separat e m odul e t h at  pro-
cesses  J av a  Serv er  Pages.  T om cat -m ain 
and  J asper  are  l ink ed  onl y  t h rough   t h e 
J 2EE  API (h t t p://en.w ik ipedia.org/w ik i/
J 2ee).
Ov er  t h e  t en-year  period  bet w een  19 9 9  
and 2008, f our m aj or v ersions of  Apach e 
T om cat  w ere rel eased:
•  Apach e T om cat  3.x is based on t h e 
   original  im pl em ent at ions of  t h e Serv l et  
   2.2 and J SP 1.1 specif icat ions donat ed 
   by Sun Microsyst em s 
•  Apach e T om cat  4.x im pl em ent s t h e 
   Serv l et  2.3 and J SP 1.2 specif icat ions 
   and Cat al ina, a new  serv l et  cont ainer 
   based on a dif f erent  arch it ect ure 
•  Apach e T om cat  5.x im pl em ent s t h e 
   Serv l et  2.4 and J SP 2.0 specif icat ions 
•  Apach e T om cat  6.x im pl em ent s t h e 
   Serv l et  2.5 and J SP 2.1 specif icat ions 
Since support  f or specif ic st andards spe-
cif icat ions  is  of   prim ary  im port ance  t o 
T om cat  users, m aj or v ersion num bers f or 
T om cat  m irror t h e v ersions of  t h e Serv l et  
and  J SP  specif icat ions  t h at  T om cat   sup-
port s.  
M easuri ng M odul ari ty i n Open Source Code bases 
H ow ev er, a ch ange in m aj or v ersion num -
bers  does  not   necessaril y  correspond  t o 
m aj or  ch anges  in  t h e  st ruct ure  of   t h e 
code  base.  Th us,  w h en  w e  sel ect ed  t h e 
v ersions  of   T om cat   f or  our  anal ysis,  w e 
ident if ied signif icant  arch it ect ural  ev ent s 
in t h e ev ol ut ion of  t h e T om cat  code base, 
such  as m aj or ch anges t o t h e arch it ect ure 
t o im prov e perf orm ance, or t h e int roduc-
t ion of  t h e Cat al ina serv l et  cont ainer.
For each  v ersion, w e exam ined t h e T om -
cat -m ain and J asper m odul es bot h  separ-
at el y  and  in  com binat ion.  For  each  
anal ysis,  w e  com put ed  t h e  num ber  of  
cl asses,  num ber  of   dependencies, 
propagat ion  cost ,  num ber  of   v ert ical  
busses,  num ber  of   cl ust ers,  cl ust ered 
cost , and rel at iv e cl ust ered cost . 
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Th e  num ber  of   cl asses  nearl y  t ripl ed 
bet w een  v ersion  3.0  and  6.0.16.  Th is  is 
cl ear ev idence of  t h e need f or m odul arit y 
m easures  t h at   perm it   com parisons  of  
code bases of  dif f erent  size. 
Init ial l y,  w e  expect ed  t h e  m odul arit y  of  
T om cat  t o increase t h rough out  t h e ev ol u-
t ion of  t h e product . Th e rat ional e f or t h is 
expect at ion w as t h at  as a syst em  ev ol v es, 
it s  st ruct ure  w oul d  be  cont inual l y  ex-
am ined by dev el opers. Specif ical l y, w e ex-
pect ed  t h at   arch it ect ural   im prov em ent s 
w oul d al so l ead t o increased m odul arit y. 
For  exam pl e,  w h en  T om cat   4.x  int ro-
duced a new  im pl em ent at ion of  t h e ser-
v l et   cont ainer  based  on  a  new  
arch it ect ure  (Cat al ina),  w e  expect ed  t h e 
new  arch it ect ure t o be m ore m odul ar be-
cause it  w as buil t  f rom  t h e ground up f or 
f l exibil it y and perf orm ance. 
Figure 1: Propagat ion Cost  of T om cat -m ain 
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H ow ev er, as seen in Figures 1 and 2, w e 
observ e t h at   t h e   propagat ion   cost s   f or 
T om cat   3.3.2  and  4.0.6  are  9 .6%  and 
14.6%,  respect iv el y,  and  t h e  rel at iv e 
cl ust ered  cost s  are  0.0031  and  0.0035. 
Bot h  m et rics suggest  t h at  v ersion 4.0.6 is 
l ess m odul ar t h an v ersion 3.3.2, t h e op-
posit e of  w h at  w e expect ed t o f ind. V er-
sion 3.3.2 is t h e l at est  product ion rel ease 
of  T om cat  3.x w h ich  f inish ed t h e ref act or-
ing ef f ort  and int roduced a m ore m odu-
l ar  design  by  al l ow ing  t h e  addit ion  and 
rem ov al  of  m odul es t h at  cont rol  t h e exe-
cut ion of  serv l et  req uest s. V ersion 4.0.6 is 
t h e f inal  rel ease of  T om cat  4.x t h at  int ro-
duced  t h e  Cat al ina  serv l et   cont ainer.  A 
sim il ar pat t ern occurred w h en m aj or ar-
ch it ect ural   ch anges  w ere  m ade  t o  t h e 
J asper subsyst em  at  ot h er point s in t im e.  25
A  cl oser  exam inat ion  of   t h e  ev ent s  sur-
rounding  t h ese  spik es  in  propagat ion 
cost   and  rel at iv e  cl ust ered  cost   suggest s 
t h at  each  decrease in m odul arit y w as pre-
cipit at ed by a m aj or arch it ect ural  or im -
pl em ent at ion  ch ange.  For  al l   ot h er 
rel eases, w h et h er m aj or v ersions or incre-
m ent al   rel eases,  t h e  code  becam e  in-
creasingl y  m ore  m odul ar.  Int erest ingl y, 
each  spik e is im m ediat el y f ol l ow ed by an 
increase  in  m odul arit y.  In  f act ,  in  each  
case,  t h e  increase  in  m odul arit y  of   t h e 
consecut iv e  v ersion  m ore  t h an  com -
pensat ed f or t h e prev ious decrease.
Our  dat a  is  not   concl usiv e  on  w h y  t h is 
pat t ern occurred, but  w e of f er a pl ausibl e 
expl anat ion.  Once  new   f unct ional it y  is 
init ial l y   depl oyed   and   w ork ing,   f ocus 
Figure 2: Rel at iv e Cl ust ered Cost  of T om cat -m ain 
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sh if t s.  Dev el opers  rev isit   t h e  design  and 
perf orm  ref act oring and cl eanup act iv it -
ies w h ich  represent  ch anges t o t h e st ruc-
t ure  of   t h e  syst em ,  but   not   t o  it s 
beh av iour.  Increased  underst anding  and 
experience  gained  t h rough   t h e  original  
im pl em ent at ion  perm it s  dev el opers  t o 
m ore easil y rest ruct ure t h e exist ing code 
int o a m ore m odul ar design. Th e resul t  is 
a signif icant  increase in m odul arit y t h at  
com pensat es f or t h e original  decrease in 
t h e prev ious v ersion. 
T o  capt ure  t h ese  observ at ions,  w e  pro-
pose t h ree proposit ions t h at  can guide f u-
t ure  research   on  t h e  ev ol ut ion  of  
m odul arit y of  sof t w are syst em s: 
Proposit ion  1:  m aj or  arch it ect ural   and 
im pl em ent at ion ch anges cause t h e m od-
ul arit y of  a sof t w are syst em  t o decrease at  
f irst .
Proposit ion  2:  m aj or  ch anges  are  f ol -
l ow ed  by  periods  of   ref act oring  and 
cl eanup act iv it ies, w h ich  cause t h e m odu-
l arit y of  t h e sof t w are syst em  t o increase 
again.
Proposit ion 3: t h e increase in m odul arit y 
as  a  resul t   of   ref act oring  and  cl eanup 
act iv it ies m ore t h an of f set s t h e decrease 
in m odul arit y due t o a m aj or ch ange.
Concl usion
Th is  paper  report ed  on  recent   adv ances 
t ow ards  underst anding  t h e  ev ol ut ion  of  
l arge OSS syst em s, and proposed an im -
prov ed  m odul arit y  m et ric  based  on 
DSMs t h at  al l ow s t h e com parison of  code 
bases  of   dif f erent   size.  Our  research  
prov ides  init ial   ev idence  t h at   as  a  l arge 
sof t w are syst em  ev ol v es, m aj or arch it ec-
t ural  ch anges, at  f irst , l ead t o an increase 
in m odul arit y, but  are f ol l ow ed by ref act -
orings and cl eanup act iv it ies w h ich  l ead 
t o a subseq uent  increase in m odul arit y. 
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Al t h ough   t h ese  resul t s  are  prel im inary, 
t h ey are part  of  t h e l arger research  pro-
gram  in w h ich  w e h ope t o prov ide deeper 
insigh t s  int o  t h e  connect ions  bet w een 
t ech nical ,  organizat ional ,  and  econom ic 
syst em s.
St ev en Muegge is a facul t y m em ber of t h e 
Depart m ent  of Syst em s and Com put er En-
gineering  at   Carl et on  Univ ersit y,  Ot t aw a, 
Canada. Professor Muegge t each es w it h in 
t h e  T ech nol ogy  Innov at ion  Managem ent  
program . H is current  research  int erest s in-
cl ude open source soft w are, open innov a-
t ion, and open source ecosyst em s. 
Robert o  Mil ev   com pl et ed  an  M.Eng.  de-
gree  in  T ech nol ogy  Innov at ion  Manage-
m ent  in 2008.  As part  of h is research  int o 
open source soft w are, h e deriv ed t h e rel at -
iv e  cl ust ered  cost   m et ric  and  dev el oped 
t h e j DSM open source t ool set  for com put -
ing DSMs and m odul arit y m et rics.  H e is 
current l y w ork ing as a m anager for a soft -
w are dev el opm ent  com pany. 
Recom m ended Resources
 J av a DSM l ibrary
 h t t p://j dsm .sourcef orge.net /
 DSM H om e Page
 h t t p://w w w .dsm w eb.org/Torys Tech nol ogy L aw  Speaker Seri es 
"Open  source  soft w are  rel ies  upon  copy-
righ t  l aw : bot h  it s prot ect ions, and excep-
t ions."  
Dav id Few er, CIPPIC.ca
Th e Univ ersit y of  Ot t aw a, F acul t y of  L aw  
is Canada’s prem iere l egal  program  in l aw  
and  t ech nol ogy.  Th e  T orys  T ech nol ogy 
L aw  Speak er Series (h t t p://w eb5.uot t aw a
.ca/t ech l aw /en/ev ent s/t orys-t ech nol ogy-
l aw -speak er-series/)  brings  prom inent  
speak ers  f rom   around  t h e  w orl d  t o  dis-
cuss current  t opics in l aw  and t ech nol ogy.
A new  approach  t o open source sof t w are 
(OSS) w as present ed t o st udent s and f ac-
ul t y at  t h e Univ ersit y of  Ot t aw a on March  
11,  2009 .  Mich ael   Madison,  Associat e 
Dean f or Research  and Prof essor of  L aw  
at  t h e Univ ersit y of  Pit t sburgh  Sch ool  of  
L aw ,  present ed  “Open  Source  L icenses 
and  t h e  Boundaries  of   Know l edge  Pro-
duct ion”.  Prof .  Madison  spent   t im e  out -
l ining  and  answ ering  q uest ions  on  a 
nov el   int erpret at ion  of   copyrigh t   in  t h e 
age of  OSS. Using h ist orical  exam pl es, h e 
cal l ed f or t h e court s t o incorporat e a “spa-
t ial  f ram ew ork ” t o deal  w it h  open source 
l icenses.  H is  approach   w as  part icul arl y 
rel ev ant   and  t im el y  in  l igh t   of   a  recent  
opinion f rom  t h e US Court  of  Appeal s f or 
t h e  Federal    Circuit ,   J acobsen  v .  Kat zer 
(h t t p://en.w ik ipedia.org/w ik i/J acobsen_
v ._Kat zer).
L essons L earned from  J acobsen v . Kat zer
Th e  present at ion  began  w it h   a  det ail ed 
case h ist ory in t h e f igh t  bet w een Robert  
J acobsen, m anager of  an OSS proj ect  h os-
t ed on SourceForge cal l ed t h e J av a Model  
Rail road   Int erf ace  (J MRI,  h t t p://source
f orge.net /proj ect s/j m ri/),  and  Mat t h ew  
Kat zer and Kam ind Associat es, Inc. w h o 
col l ect iv el y dev el op com m ercial  sof t w are 
product s  f or  t h e  m odel   t rain  indust ry. 
Prof .  J acobsen,  am ong  ot h er  t h ings, 
sough t  a decl arat ion f rom  t h e court s re-
cognizing  t h at   Mr.  Kat zer's  use  of   t h e 
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open  source  l icense  of f ered  by  t h e  pro-
j ect .  A  prel im inary  inj unct ion  w as  t h en 
sough t   under  copyrigh t   inf ringem ent . 
Th e  appel l at e  court   decision  h el d  t h at  
t h e  Art ist ic  L icense  (h t t p://opensource.
org/l icenses/art ist ic-l icense-2.0.ph p) 
grant ed by t h e J MRI t o users of  t h e m odel  
t rain sof t w are, and, m ore general l y, OSS 
l icenses,  are  enf orceabl e.  Th ese  l icenses 
are  set   condit ions,  rat h er  t h an  m erel y 
cov enant s, regarding t h e use of  t h e copy-
righ t ed w ork . As condit ions, a breach  of  
t h e  l icense  m ay  t erm inat e  t h e  cont ract , 
al l ow ing  t h e  copyrigh t   h ol der  t o  sue  f or 
inf ringem ent . 
Al t h ough  t h e Court  of  Appeal  ul t im at el y 
rem anded  t h e  case  back   t o  t h e  dist rict  
court , t w o im port ant  principl es w ere set  
f ort h  in t h e j udgm ent . First , t h e decision 
recognized t h at  w ork  can st il l  be prot ec-
t ed  by  copyrigh t   ev en  w h en  giv en  aw ay 
f or f ree. A breach  in t h e condit ions in t h e 
l icense m ak es a user suscept ibl e t o copy-
righ t   inf ringem ent   as  h e  or  sh e  can  no 
l onger  rel y  on  t h e  l icense  against   such  
cl aim s. Secondl y, t h e court  t ook  a purpos-
iv e approach  in l egit im izing t h e nat ure of  
t h e open source col l ect iv e. It  recognized 
t h at   t h e  OSS  m ov em ent ’s  grow t h   f l ow ed 
f rom  t h e sense of  com m unit y and credit  
one  get s  t h rough   cont ribut ion  and  not  
f rom  com m on not ions of  m onet ary gain. 
According  t o  t h e  court ,  “[t ] h ese  rest ric-
t ions w ere bot h  cl ear and necessary t o ac-
com pl ish   t h e  obj ect iv es  of   t h e  open 
source l icensing col l aborat ion. ”
In  draw ing  at t ent ion  t o  J acobsen,  Prof . 
Madison  not ed  t h at   t h e  court ’s  opinion 
w as  neit h er  nov el   nor  new .  H e  used  a 
num ber  of   h ist orical   exam pl es  t o  il l us-
t rat e h ow  court s h av e been inconsist ent , 
t h ough  t ending t ow ards not  uph ol ding re-
st raint s, in deciding w h et h er "t h e cov en-
ant  runs w it h  t h e code." H e used h al f  a 
dozen  exam pl es  w h ere  "eq uit abl e  ser-
v it udes on ch at t el " st riv e t o creat e an ob-
l igat ion t o eit h er do som et h ing or ref rain 
f rom    doing  som et h ing   t h rough   sim pl e Torys Tech nol ogy L aw  Speaker Seri es 
possession of  t h e obj ect . Th ese eq uit abl e 
serv it udes  t ry  t o  go  beyond  m ere  con-
t ract  l aw  by st at ing t h at  t h e propert y righ t  
in an obj ect  is const rained by t h e obl iga-
t ion at t ach ed. In t h e case of  J acobsen, a 
condit ion at t ach ed by t h e Art ist ic l icense 
w as at t ribut ion t o t h e J RMI. According t o 
t h e  exam pl es  cit ed  in  t h e  US,  a  ‘singl e 
use’  st am p  on  a  cot t on  t ie  w as  deem ed 
enf orceabl e,  but   a  st am p  of  ‘not   f or  re-
sal e’  on  a  record/CD/bl ue-ray  disc  w as 
not  (h t t p://m adisonian.net /2008/04/30/
eq uit abl e-serv it udes-in-pack aging  and 
h t t p://en.w ik ipedia.org/w ik i/Post -sal e_
rest raint ). 
In  bringing  up  t h ese  exam pl es,  Prof . 
Madison sough t  t o h igh l igh t  t h e special , 
and  of t en  unpredict abl e,  arena  w h ere 
OSS exist s. Th ere is no singl e univ ersal l y 
accept ed  crit erion  f or  w h en  a  cov enant  
becom es  a  condit ion.  Som et im es  it   is 
based on pat ent  l aw , ot h er t im es on copy-
righ t , cust om ary use or pract ice. Th is in-
congruit y  and  conf usion  in  det erm ining 
an obj ect ’s st at us is exposed in t h e al t ern-
at e  decisions  f rom   t h e  t rial   and  appeal  
court  in J acobsen. In rem anding t h e case 
and  sending  it   back   t o  t h e  l ow er  court , 
t h e appeal  court  recognized t h at  a condi-
t ion such  as t h e at t ribut ion guarant ee in 
t h e  Art ist ic  L icense  w as  enf orceabl e  on 
t h e l icense h ol der.
L icensing in a Spat ial  Fram ew ork
Prof . Madison bel iev es it  is t im e f or t h e 
court s t o recognize a new  f ram ew ork  f or 
t h is t ype of  l it igat ion. Inst ead of  using a 
l inear t em poral  approach  t o decide if  t h e 
eq uit abl e serv it ude m eet s cert ain crit eria 
or f it s w it h in a cert ain box, a court  sh oul d 
base it s decision on t h e purpose of  t h e in-
t roduced l im it at ion. Inst ead of  rel ying on 
t h e st ruct ure or t rying t o m assage t h e ser-
v it ude  int o  an  ‘if -t h en  narrat iv e’,  Prof . 
Madison bel iev es t h e court  sh oul d t ak e a 
m ore  abst ract   approach   in  appl ying  a 
spat ial  f ram ew ork  t h at  l ook s t o t h e pur-
pose of  t h e condit ion or l icense.  28
OSS  rel ies  on  copyrigh t   and  t h e  condi-
t ions set  f ort h  in t h e l icensing agreem ent  
are necessary t o uph ol d t h e open source 
paradigm . In order f or users t o cont ribut e 
code and not  incorporat e openl y access-
ibl e sof t w are int o t h eir ow n proj ect s f ree 
of   paym ent   or  at t ribut ion,  OSS  proj ect s 
m ust  t urn t o copyrigh t  l aw . Al t h ough  t h e 
condit ions  m ay  not   be  econom ic,  t h ey 
are v it al  in order t o encourage and m ain-
t ain t h e int egrit y of  t h e social  al l iance. 
W h il e  open  source  l icenses  can  f it   int o 
t h e  w el l -k now n  t em poral   f ram ew ork , 
Prof . Madison suggest s t h at  recognizing a 
spat ial  f ram ew ork  is bet t er suit ed. As re-
cognized by t h e appel l at e court  in J acob-
sen,  t h e  l icense  ut il ized  in  open  source 
proj ect s  enabl es  open  source  users  t o 
com e  t oget h er  f rom   al l   ov er  t h e  w orl d. 
Th ese com m unit ies ut il ize t h e l icense t o 
encourage dif f erent  m odel s of  creat ion as 
w el l  as dif f erent  t ypes of  consum pt ion, re-
use, and dev el opm ent . Open source f l our-
ish es upon t h ese ideal s.
Prof .  Madison  st at es  t h at   a  spat ial   ap-
proach  in recognizing t h e im port ance of  
t h e  open  source  l icenses  bet t er  ref l ect s 
t h e com m unit y’s goal s. Such  an approach  
al l ow s  open  source  users  t o  h av e  bet t er 
recourse against  inf ringers. Pot ent ial  rem -
edies  w oul d  al so  be  af f ect ed.  Norm al l y, 
court s  are  v ery  rel uct ant   t o  grant   non-
econom ic  rel ief .  Al t h ough   it   m ay  creat e 
probl em s  in  ot h er  areas,  Prof .  Madison 
bel iev es  a  spat ial   f ram ew ork   w oul d  f ind 
court s  m ore  suscept ibl e  t o  inj unct ions 
t h at  recognize t h e non-econom ic im port -
ance of  open source l icenses.
Final l y, Prof . Madison discussed t h e spa-
t ial  m odel  f inding m ore t ract ion in open 
source l icensing w h en act ing as t h e pro-
v erbial  sh iel d rat h er t h an sw ord. H e cit ed 
t h e  GPL v 3  exam pl e  of   l icense  t erm ina-
t ion w h en a user appl ies t o pat ent  a pro-
j ect   incorporat ing  open  source  code.  In 
such  sit uat ions, t h e GPL v 3 expl icit l y t er-
m inat es t h e user’s l icense and m ak es h im   
Tory Tech nol ogy L aw  Speaker Seri es
or h er l iabl e f or copyrigh t  inf ringem ent . 
Such   a  def ensiv e  st rat egy  prot ect s  t h e 
open  source  com m unit y  f rom   cl aim s  of  
pat ent   inf ringem ent   and  expl icit l y  uses 
t h e spat ial  m et aph or t o set  up a prot ect -
iv e zone around t h e open source proj ect .
Concl usion
Prof . Madison’s approach  is st il l  being de-
v el oped and increased discourse and re-
f l ect ion  w il l   inv ariabl y  occur  as  open 
source  l icenses  are  f urt h er  ut il ized  and 
t est ed by court s. W h et h er or not  a spat ial  
m odel   t ak es  h ol d  in  a  post -J acobsen 
w orl d is unk now n, but  open source users 
sh oul d  t ak e  h eart   t h at   t h e  US  appel l at e 
court  uph el d t h e enf orceabil it y of  OSS l i-
censes  and  t h e  im port ance  of   copyrigh t  
t o buil ding OSS com m unit ies.
Byron Th om  is finish ing h is l aw  degree at  
t h e Univ ersit y of Ot t aw a, Facul t y of L aw  
w it h  a concent rat ion in l aw  and t ech no-
l ogy.  H is  int erest s  v ary  from   new   ap-
proach es  t o  int el l ect ual   propert y  l aw   t o 
h ow  t ech nol ogy m ay sav e t h e w orl d from  
gl obal  w arm ing. Byron w as al so a part i-
cipant  in Canada’s first  cl ass on t h e L aw  
of  Robot ics  and  w as  at   t h e  t abl e  w h en 
Kerr’s Post ul at e w as form ed. 
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Recom m ended Resources
 Mich ael  Madison's L aw  and T ech  Bl og
 h t t p://m adisonian.net /
 L aw  and T ech nol ogy Program  at  t h e 
 Univ ersit y of  Ot t aw a
 h t t p://w w w .com m onl aw .uot t aw a.ca/t ech
 V ideo of  L ect ure 
 h t t p://w w w .f ossl c.org/drupal /node/320 upcom i ng ev ents
May 8-9
BSDCan
Ot t aw a, ON
BSDCan h as est abl ish ed it sel f  as t h e t ech -
nical   conf erence  f or  peopl e  w ork ing  on 
and  w it h   BSD  based  operat ing  syst em s 
and rel at ed proj ect s. Th e organizers h av e 
f ound  a  f orm ul a  t h at   appeal s  t o  a  w ide 
range of  peopl e f rom  ext rem e nov ices t o 
adv anced dev el opers.
h t t p://w w w .bsdcan.org
May 10-13
CNIE Int ernat ional  Conf erence
Ot t aw a, ON
W it h  an expect ed at t endance of  ov er 400 
nat ional   and  int ernat ional   del egat es 
w ork ing in t h e f iel ds of  educat ional  t ech -
nol ogy,  h eal t h   educat ion,  K-12  educa-
t ion,  m ul t i-m edia  design  and  dist ance 
l earning,  t h e  2009   CNIE  Int ernat ional  
Conf erence  of f ers  a  uniq ue  opport unit y 
f or  l earning,  net w ork ing  and  idea  ex-
ch ange.  J oin  col l eagues  f rom   across  t h e 
educat ion spect rum  discussing, debat ing 
and expl oring t h e int egrat ion of  l earning 
and t ech nol ogy.
h t t p://w w w .l earningconf erence.ca/
cnie2009
May 4-6
MCeT ech
Ot t aw a, ON
Th e 4t h  Int ernat ional  MCETECH  Conf er-
ence on e-T ech nol ogies aim s at  bringing 
t oget h er  research ers,  decision  m ak ers, 
and pract it ioners int erest ed in expl oring 
t h e m any f acet s of  Int ernet  appl icat ions 
and t ech nol ogies.
h t t p://w w w .m cet ech .org/
May 6-9
L ibre Graph ics
Mont real , QC
L GM 2009  is t h e f ourt h  annual  w orl dw ide 
m eet ing  of   t eam s  dev el oping  open 
source  graph ics  appl icat ions.  Designers, 
graph ic  art ist s  and  anyone  inv ol v ed  in 
print   product ion  and/or  w eb  dev el op-
m ent  are cordial l y inv it ed t o at t end and 
m eet  t h e dev el opers one t o one.
h t t p://l ibregraph icsm eet ing.org/2009 / 
May 8
W ordCam p
T oront o, ON
W ordCam p is a conf erence t ype of  ev ent  
t h at  f ocuses sq uarel y on ev eryt h ing W ord-
Press. Ev eryone f rom  casual  end users al l  
t h e w ay up t o core dev el opers sh ow  up t o 
t h ese  ev ent s.  Th ese  ev ent s  are  usual l y 
h igh l igh t ed  by  speech es  or  k eynot es  by 
v arious peopl e.
h t t p://ph ug.ca/w ordcam pt oront o 
30upcom i ng ev ents
May 17-22
Open Source Program s f or Mac
BC Publ ic Sch ool  Syst em
In t h is k now W EEK w e w il l  l ook  at  open 
source  program s  f or  Mac  t h at   can  be 
used f or brow sing, v ideo podcast ing, in-
st ant   m essaging,  em ail s,  podcast ing, 
v ideo  pl ayback ,  w ord  processing/of f ice 
suit es,  sound  recording,  publ ish ing,  as 
w el l  as ot h ers. W e w il l  al so l ook  at  w ays 
t h at   you  can  use  t h ese  t ool s  in  your 
cl assroom   and  sh are  som e  exam pl es  of  
h ow  t each ers are current l y using t h ese in 
cl assroom s.
h t t p://k now sch ool s.ca/m oodl e/m od/
book /v iew .ph p? id=1228& ch apt erid=389
May 21-22
PGCon
Ot t aw a, ON
PGCon is an annual  conf erence f or users 
and dev el opers of  Post greSQL , a l eading 
rel at ional   dat abase,  w h ich   j ust   h appens 
t o be open source. PGCon is t h e pl ace t o 
m eet ,  discuss,  buil d  rel at ionsh ips,  l earn 
v al uabl e  insigh t s,  and  general l y  ch at  
about  t h e w ork  you are doing w it h  Post gr-
eSQL . If  you w ant  t o l earn w h y so m any 
peopl e are m ov ing t o Post greSQL , PGCon 
w il l  be t h e pl ace t o f ind out  w h y. W h et h er 
you  are  a  casual   user  or  you'v e  been 
w ork ing  w it h   Post greSQL   f or  years,  PG-
Con w il l  h av e som et h ing f or you.
h t t p://w w w .pgcon.org/2008/ 
May 13-15
Sum m erCam p
Ot t aw a, ON
Th is  ev ent   w il l   bring  t oget h er  indust ry, 
academ ia,  gov ernm ent ,  and  com m unit y 
t o  l earn  about   open  source  and  t o  en-
courage cross pol l inat ion of  ideas and t al -
ent .
h t t p://w w w .f ossl c.org/drupal /sum m er
cam p2009
May 16-17
MSR Mining Ch al l enge
V ancouv er, BC
Th e MSR Mining Ch al l enge brings t oget h -
er  research ers  and  pract it ioners  int er-
est ed  in  appl ying,  com paring,  and 
ch al l enging  t h eir  m ining  t ool s  and  ap-
proach es  on  sof t w are  reposit ories  f or 
open  source  proj ect s.  Th is  year's  ch al -
l enge  exam ines  t h e  GNOME  Desk t op 
Suit e of  proj ect s and h ow  t h ey int eract .
h t t p://m sr.uw at erl oo.ca/m sr2009 /
ch al l enge/index.h t m l  
May 16-24
ICSE
V ancouv er, BC
ICSE  prov ides  a  f orum   f or  research ers, 
pract it ioners  and  educat ors  t o  present  
and discuss t h e m ost  recent  innov at ions, 
t rends, experiences and concerns in t h e 
f iel d of  sof t w are engineering.
h t t p://w w w .cs.uoregon.edu/ev ent s/
icse2009 /h om e/
31 
Upcom i ng Ev ents
May 25-27
SMARTl ink ages 2009
Kel ow na, BC
SMARTl ink ages brings t oget h er h undreds 
of   indust ry  l eaders,  gov ernm ent   l eaders, 
research   l eaders  and  st udent s  t o 
sh ow case Canada's ingenuit y, innov at ion 
and  l eadersh ip  in  inf orm at ion  and 
com m unicat ions t ech nol ogy. Th e annual  
conf erence  is  a  dynam ic  v enue  w h ere 
peopl e int eract , com panies m eet  bril l iant  
new   em pl oyees,  w h ere  our  best   and 
brigh t est  st udent s sh ow case t h eir t al ent s 
and ideas, w h ere gov ernm ent  execut iv es 
t ak e t h e pul se of  innov at ion, and w h ere 
deal s are done.
h t t p://w w w .aigicrv is.ca/program 2009 /
SMARTL ink ages2009 /index.h t m l  
March  18
Th e  L aw   Societ y  of   Brit ish   Col um bia 
Goes L iv e w it h  Ev ergreen
V ancouv er, BC
Th e L aw  Societ y of  Brit ish  Col um bia h as 
gone l iv e w it h  t h e Ev ergreen open source 
l ibrary  aut om at ion  sof t w are.  J erem y 
Buh l er,  a  graduat e  st udent   f rom   t h e 
Sch ool  of  L ibrary, Arch iv al  and Inf orm a-
t ion  St udies  at   t h e  Univ ersit y  of   Brit ish  
Col um bia, did m ost  of  t h e w ork  dev el op-
ing  t h e  m ain  page  and  m igrat ing  dat a. 
Th e  L aw   Societ y  of   Brit ish   Col um bia  is 
t h e  gov erning  body  of   t h e  l egal   prof es-
sion in BC. 
h t t p://w w w .esil ibrary.com /esi/new s
it em .ph p? id=9 1 
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May 29
Dem T ech
Mont real , QC
Dem T ech   2009   w il l   sh ow case  cut t ing 
edge proj ect s t h at  use inf orm at ion t ech -
nol ogy  t o  encourage  cit izen  access  and 
f ost er  dem ocrat ic  part icipat ion.  De-
m T ech  is a pre-conf erence of  t h e 2009  An-
nual   Conf erence  and T rade  Sh ow   of   t h e 
Canadian L ibrary Associat ion, sponsored 
by  Apat h y  is  Boring,  V isibl eGov ern-
m ent .ca  and  m em bers  of   t h e  Civ icAc-
cess.ca com m unit y. 
h t t p://dem t ech .ca/
March  23
Ecl ipse  Announces  First   Rel ease  of  
Sw ordf ish
Ot t aw a, ON
Th e  Ecl ipse  Foundat ion  announced 
t oday  t h e  f irst   rel ease  of   Sw ordf ish ,  a 
next -generat ion  ent erprise  serv ice  bus 
t h at  prov ides t h e f l exibil it y and ext ensibil -
it y req uired by ent erprises t o successf ul l y 
depl oy  a  serv ice-orient ed  arch it ect ure 
st rat egy. Sw ordf ish  is based on t h e OSGi 
st andard  and  buil ds  upon  successf ul  
open  source  proj ect s,  incl uding  Ecl ipse 
Eq uinox and Apach e Serv iceMix.
h t t p://w w w .ecl ipse.org/org/press-
rel ease/2009 0323_sw ordf ish .ph p 
New sbytesI ssue Sponsor
33Th e goal  of  t h e Open Source Business Re-
source is t o prov ide q ual it y and insigh t f ul  
cont ent   regarding  t h e  issues  rel ev ant   t o 
t h e dev el opm ent  and com m ercial izat ion 
of  open source asset s. W e bel iev e t h e best  
w ay  t o  ach iev e  t h is  goal   is  t h rough   t h e 
cont ribut ions and f eedback  f rom  expert s 
w it h in  t h e  business  and  open  source 
com m unit ies.
OSBR  readers  are  l ook ing  f or  pract ical  
ideas t h ey can appl y w it h in t h eir ow n or-
ganizat ions. Th ey al so appreciat e a t h or-
ough   expl orat ion  of   t h e  issues  and 
em erging  t rends  surrounding  t h e  busi-
ness of  open source. If  you are consider-
ing cont ribut ing an art icl e, st art  by ask ing 
yoursel f :
1. Does m y research  or experience 
     prov ide any new  insigh t s or perspect -
     iv es?
2. Do I of t en f ind m ysel f  h av ing t o 
     expl ain t h is t opic w h en I m eet  peopl e 
     as t h ey are unaw are of  it s rel ev ance?
3. Do I bel iev e t h at  I coul d h av e sav ed 
     m ysel f  t im e, m oney, and f rust rat ion if  
     som eone h ad expl ained t o m e t h e 
     issues surrounding t h is t opic?
4. Am  I const ant l y correct ing m isconcep-
    t ions regarding t h is t opic?
5. Am  I considered t o be an expert  in t h is 
    f iel d?  For exam pl e, do I present  m y 
    research  or experience at  conf erences?
Contri bute
Upcom ing Edit orial  Th em es
 May 2009 : Open Source in Gov ernm ent
Guest  Edit or: J am es Bow en
Univ ersit y of  Ot t aw a
 J une 2009 : W om en in Open Source
Guest  Edit or: Rik k i Kit e
L inuxPro Magazine
 J ul y 2009 : Col l aborat ion
Guest  Edit or: St eph en H uddart
J . W . McConnel l  Foundat ion
 August  2009 : T ech  Ent repreneursh ip
 Sept em ber 2009 : Business Int el l igence
Guest  Edit or: Mik e Andrew s
SQL Pow er
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If   your  answ er  is  "yes"  t o  any  of   t h ese 
q uest ions,  your  t opic  is  probabl y  of   in-
t erest  t o OSBR readers.
W h en  w rit ing  your  art icl e,  k eep  t h e  f ol -
l ow ing point s in m ind:
1. Th orough l y exam ine t h e t opic;  don't  
     l eav e t h e reader w ish ing f or m ore.
2. Know  your cent ral  t h em e and st ick  t o it .
3. Dem onst rat e your dept h  of  under-
     st anding f or t h e t opic, and t h at  you 
     h av e considered it s benef it s, possibl e 
     out com es, and appl icabil it y.
4. W rit e in t h ird-person f orm al  st yl e.
Th ese guidel ines sh oul d assist  in t h e pro-
cess  of   t ransl at ing  your  expert ise  int o  a 
f ocused art icl e w h ich  adds t o t h e k now -
l edgabl e resources av ail abl e t h rough  t h e 
OSBR. Form at t ing Guidel ines:
Al l  cont ribut ions are t o be subm it t ed in 
.t xt  or .rt f  f orm at .
Indicat e if  your subm ission h as been pre-
v iousl y publ ish ed el sew h ere.
Do  not   send  art icl es  sh ort er  t h an  1500 
w ords or l onger t h an 3000 w ords.
Begin  w it h   a  t h ough t -prov ok ing  q uot a-
t ion t h at  m at ch es t h e spirit  of  t h e art icl e. 
Research  t h e source of  your q uot at ion in 
order t o prov ide proper at t ribut ion.
Incl ude  a  2-3  paragraph   abst ract   t h at  
prov ides  t h e  k ey  m essages  you  w il l   be 
present ing in t h e art icl e.
Any  q uot at ions  or  ref erences  w it h in  t h e 
art icl e t ext  need at t ribut ion. Th e URL  t o 
an onl ine ref erence is pref erred;  w h ere no 
onl ine ref erence exist s, incl ude t h e nam e 
of  t h e person and t h e f ul l  t it l e of  t h e art -
icl e  or  book   cont aining  t h e  ref erenced 
t ext .  If   t h e  ref erence  is  f rom   a  personal  
com m unicat ion,  ensure  t h at   you  h av e 
perm ission t o use t h e q uot e and incl ude 
a com m ent  t o t h at  ef f ect .
Prov ide a 2-3 paragraph  concl usion t h at  
sum m arizes t h e art icl e's m ain point s and 
l eav es t h e reader w it h  t h e m ost  im port -
ant  m essages.
If   t h is  is  your  f irst   art icl e,  incl ude  a  75-
150 w ord biograph y.
If   t h ere  are  any  addit ional   t ext s  t h at  
w oul d  be  of   int erest   t o  readers,  incl ude 
t h eir f ul l  t it l e and l ocat ion URL .
Incl ude  5  k eyw ords  f or  t h e  art icl e's 
m et adat a t o assist  search  engines in f ind-
ing your art icl e.
Contri bute
Copyrigh t :  
You  ret ain  copyrigh t   t o  your  w ork   and 
grant   t h e  T al ent   First   Net w ork     perm is-
sion t o publ ish  your subm ission under a 
Creat iv e  Com m ons  l icense.    Th e  T al ent  
First   Net w ork   ow ns  t h e  copyrigh t   t o  t h e 
col l ect ion of  w ork s  com prising each  edi-
t ion  of   t h e  OSBR.    Al l    cont ent    on   t h e 
OSBR  and T al ent   First   Net w ork   w ebsit es 
is   under   t h e   Creat iv e   Com m ons 
at t ribut ion (h t t p://creat iv ecom m ons.org/
l icenses/by/3.0/) l icense w h ich  al l ow s f or 
com m ercial  and non-com m ercial  redist ri-
but ion    as  w el l   as  m odif icat ions  of   t h e 
w ork  as l ong as t h e copyrigh t  h ol der is  at -
t ribut ed. 
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Th e  OSBR  is  search ing  f or  t h e  righ t  
sponsors. W e of f er a t arget ed readersh ip 
and  h ard-t o-get   cont ent   t h at   is  rel ev ant  
t o  com panies,  open  source  f oundat ions 
and  educat ional   inst it ut ions.  You  can 
becom e  a  gol d  sponsor  (one  year 
support )  or  a  t h em e  sponsor  (one  issue 
support ). You can al so pl ace 1/4, 1/2 or 
f ul l  page ads.
For  pricing  det ail s,  cont act   t h e  Edit or 
dru@osbr.ca).Gol d Sponsors
Th e  T al ent   First   Net w ork   pro-
gram   is  f unded  in  part   by  t h e 
Gov ernm ent  of  Ont ario.
Th e T ech nol ogy Innov at ion Managem ent  (TIM) program  is a m ast er's 
program   f or  experienced  engineers.  It   is  of f ered  by  Carl et on  Uni-
v ersit y's Depart m ent  of  Syst em s and Com put er Engineering. Th e TIM 
program  of f ers bot h  a t h esis based degree (M.A.Sc.) and a proj ect  based 
degree (M.Eng.).  Th e M.Eng is of f ered real -t im e w orl dw ide. T o appl y, 
pl ease go t o: h t t p://w w w .carl et on.ca/t im /sub/appl y.h t m l . 
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